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LETTin^ OP TRANSMITTAL.

U, S. Department of Agriculture,
Office of Experiment Stations,

Washiuf/ton, T). C, June 17, 1899.

Sir: T li.ive the honor to transmit herewith a report of iiivestiga-

-tiniis on bread and bread making at the University of Minnesota in

i si)7 and 1898, by I'rof. Harry Snyder, B. S., of the College of Agricul-

ture of the University of Minnesota, and on losses in the process of

making bread, by L. A. Voorhees, M. A,, chief chemist of the New Jersey

State Agricultural Experiment Station.

These investigations form a part of the nutrition investigations in

cliarge of this Office, and were conducted under the supervision of Prof.

W. O. Atwater, special agent in charge, in accordance with instructions

iiiven by the Director of this Office.

The investigations herewith reported belong to a series of inquiries

into the nutritive value, digestibility, and economy of cereals, cereal

products, and foods prepared from them. The effects of cooking are

also taken into account. Progress reports of some of these studies

have already been made, and the articles herewith submitted are of

the same nature. On some points the results and conclusions are

necessarily tentative and may be more or less modified by further

investigations now in in ogress.

The reports are transmitted with the recommendation that they be

published as Bulletin 67 of this Office.

Kespectfully, A. C. True,
Director.

Hon. James Wilson,
iSecrvtary of Agriculture.
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STUDIES ON BREAD AND BREAD MAKING.

STUDIES ON BREAD AND BREAD MAKING AT THE UNIVERSITY OF

MINNESOTA IN 1897 AND IfU)!?.

By IIahuv Snydkk, B. S.,

Chemist, Ayriciiltiiral Exptrimciit Station, and Professor of Chcmintrif, ('ollei/e of Aijri-

eu'lture, Uuirersity of Minnesota.

INTRODUCTION.

The investigations which are reported in this bulletin have extended

over two years, 1S!)7 and 1898. The general purpose has been to study

(1) the efiect on the Hour of the processes employed in bread making,

that is, the action of ferments and heat, and the importance of these

changes in household economy and in the manufacture of bread on a

large scale; (2) the digestibility of bread from different soi ts of tiour,

and (o) in connection with this work to study the chemical composition

as related to the cost of bread and flour for sale in IMinneapolis.

COMPOSITION or SAMPLES OF MINNESOTA BREAD AND FLOUR
AS RELATED TO THEIR COST.

The studies of the composition of bread were similar to those made
at Xew Brunswick, X. J.,' and Pittsburg, Pa.'^ An extended study of

the composition and cost of bread, biscuits or crackers, rolls, cakes,

macaroni, and similar products for sale in Washington, D. C, has

recently been reported by the Division of Chemistry of this Depart-

ment in c()nne(!tion with an extended study of cereals and cereal

products.^

In the investigations earned on at the Minnesota College of Agri-

culture a number of samples of bread and flonr were purchased in Min-

nesota in the open market and analyzed. In several cases bread was
made at tiie college. The usual analytical methods were followed.^

The cost of the bread and flour was recorded when possible, with a view

to learning whether the cost of bread was in proportion to the cost of

the ingredients from which it was made. The further object was to see

' U. S. Dept. Agr., Office of Experiment Stations Bui. 35.

'^U. S. Dept. Agr., Office of Experiment St.ations Bui. 52.

^U. S. Dept. Agr., Division of Chemistry Bui. 13, pt. 9, p. 1319.

•U. S. Dept. Agr., Division of Chemistry Bui. 46.

7
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whether the various sorts of bread differed inaterially in composition,

and to learn whether Minnesota bread was, generally si)eakiug, the

same in composition and cost as that for sale in other parts of the

United States. A description of the samples analyzed at the Minne-
sota Station follows:

DESCRIPTION OF SAMPLES OF BREAD AND FLOUR.

Ko. 1. Baker's white bread of average quality.

2. White bread, "homemade." Made at the Minuesota Agricultural College

Idtcheu from second-grade or baker's ilour.

3. White bread, ''homemade." Made at the Minnesota Agricultural College

kitchen from first-grade or patent flour.

4. Graham bread, ''homemade." Made at the Minnesota Agricultural College

kitchen. This bread was not made from pure graham, but from a mixed
flour.

5. Corn bread, "homemade," from the Minnesota Agricultural College kitchen.

This was made of yellow Indian corn meal.

6. Graham bread from bakery. An average loaf of so-called graham bread. It

was, however, made from au imitation of graham flour.

7. Rye bread from a bakery. This was an average rye bread.

8. White bread from bakery. An average bread made from roller-process flour.

9. Whole-wheat bread. This was made from genuine whole-wheat flour, a con-

siderable amount of sugar being used.

10. Whole-whi at bread. This was made from the same flour as No. 9, but no
sugar was used.

11. White bread from "first clearings," ground by the Washburn and Crosbj'

Milling Company.
12. White bread from fii st patent flour made by Washburn and Crosby Milling

Compauy.
13. Whole- wheat bread. This is an ordinary baker's whole- wheat bread.

14. Rye bread, "homemade."
15. Bread from "Roman" flour (whole wheat), "homemade."
16. Graham bread from the Minnesota Agricultural College kitchen. This was

made from a so-called graham flour of unknown (inality.

17. Corn bread. This was made at the Minnesota Agricultural College kitchen

from white corn meal.

18. White bread, "homemade." This was made at the Minnesota Agricultural

College kitchen from "Pillsbury's Best" flour.

19. Biscuit. These were made at the Minnesota Agricultural College kitchen.

20. White bread from high-grade patent. Consolidated Milling Couipany's flour.

This is a type of very white bread.

21. White bread from regular patent, Consolidated Milling Company's flour.

22. Bread from first baker's flour from Consolidated Milling Company. This

Avas a lower grade flour than that used in sample No. 21.

23. Bread made from low-grade flour. This was a lower grade flour than that

used in sample No. 22 and known commercially as "Red Dog grade."

24. White bread, "homemade," from Cottage Grove. This was made from first-

grade patent flour and Avas a good type of homemade bread.

25. Graham bread from Cottage Grove, "homemade."
26. Baker's white bread, "homemade " grade. An ordinary baker's bread as sold

in market.

27. White bread, cheapest grade.

28. Baker's whole-wheat bread. This was e^-idently not a genuine whole-wheat

bread.
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29. Homemade bread. This was iiuide from first-grade patent flour.

was mixed with water and no fat was added.

30. "Pillshury's Best" flour.

31. Bread made from sample No. 30 (" Pillshury's Best" flour).

32. Graham flour. This w.-xs known to be a true graham flour.

33. Bread, "homemade," from No. 32 (graham flour).

34. White patent flour.

35. Bread made from No. 34 (white flour).

36. White bread, "homemade," from whitest grade of flour.

The douffli

COMPOSITION OF BREAD AND FLOUR.

The composition of tlie different samples of bread and. flour is given

in tlie table below. When the bread was pun^liased at a bakery the

cost is included. In the case of homemade bread, where possible the

cost of the bread was estimated. The weight of a loaf is also given.

The table includes also the average comi)ositioii of the different sorts

of bread analyzed at the Minnesota Station, at New Brunswick, l*itts-

burg, and Washington.

Composition and cost of Jirvad and flour.

Fat.
Carbo-
hy.

(lrate.s.

Asli.

Per ct.

1.49
Per ct.

53.77
Per ct.

0. 665

.74
X 05

55. 37
56. 988

.654

.837

I. 66 53. 77 1. 10

5. 66
2. 48

. 506

50. 313
55. 344
54. 017

1.04
.801
.59

2.14
.473
.56

1.27
.63
.652

1.09
.898

54. 101

53. 021
53. 075
53. 055
56. 265
54. 423
50. 523
47. 572

.578

.944

.915

.838

.620

.938
1.00
.78

3. 78
2. 88

53. 17
41.819

1.10
.77

2.41 56. 243 .46

1.95
1. 37

1. 28
1.21
1. 14

. 503

1.44
1. 95
2. 07

56. 601
56. 47
54. 91

48. 205
44. 277
61. 459
58. 923
60. 38
56. 327

.53

.51

.68

.84
1.29
.90

1. 15

.55

.703

.578 54 868 .994

.060
1.327

55. 667
74.33

.582

.428

.758
2. 988
3.251

51.969
09. 897
51.854

.448
1.478
1.276

Descrii>Uon of food material.

Hakers' white bread
White bread, "lionieniade," from baker.s'

flour
White bread, " liomuiuade " };ra(le

"Graham bread" from flour whicli was
not a true graham

Corn bread, "liomeuiade," from yellow
Indian corn meal

Bakers' graham bread
Bakers' rye bread
Bakers' white bread, paleiitroUei-process

flour
Whole-wheat bread made with sugar
Whole-wheat bread made w ithout sugar.

.

White bread made fiom first "elcanug" .

White bread from lii st jiati iit flour
Bakers' whole-wlicar bn ad
Kye bread, "liomi niaili' '

Bread from " Komaii Hour " "homemade "

.

Graham bread, Minnesota College of
Agrieulturo, " liomemaile "

Corn bread made IVom wliit (! coi ii meal . .

.

Wiiito bread, "homemade, " IVoni "I'iUs-
bury's Best" flour

Biscuit, Minnesota Colleg<i of Agricul-
ture, "liomema<le"

White breail IVom lii^li-grade jiatent flour.
White bread from regular iiatent flour
Bread from bakers' flour
Bread from " lied Dog " grade of flour
White bread, " Iiomemade "

Graham bread, "homemade"
Baker's bread, " homemade "_grade
Baker's white bread, i lie.a|iest grade
Baker's whole- wlieal liicad, not a genuine
whole-wlusit lii'ead

"Homemade' linad from first-grade pat-
ent flour, ma<le with water, but no fat.

.

" Pillshury's Best " flour
"Homemade' bread from "Pillshury's
Best" (30)

Graham flour, known to be a jiure sample.
" Homemade" bread from sample No. 32.

.

Price
of

loaf.

Weight w,,.„,.
of loaf.

Cents
5

2J

Grams.
480

Per ct.

34. 20

453/5 32.80

453/5 30.00

453A 35.10

4531",,

478
471

482

453,%
i53f,
491
488
495
453

453i"b

45-Ji°„

453ft

453/
-192

491)

492
490
453/
453/
484
as

492

453/

453/5
453 ft

35.80
32. 50
36. 70

33.40
33. 90
34. 20
33 90
32. 70
32. 30
38. 20
4(1. 50

31.70
48. 00

31. 20

30. 70
32. 90
34. 10

39. 10

40. 70

27, 70

27. 80
28. 40
31.65

35. 50

33.716
10. 853

36. 70
10. 825
34. 244

Pro-
tein.

Per ct.

9. 875

10. 437
9. 125

8. 370

7.187
8.875
8. 187

9. 781
11.062
11.25
10. 937
9. 785
11.687
9.1^7

10. 25

10. 25
6. 531

9.687

10. 219
8. 75
9. 03

10. 645
12, 59.1

9. J 38
10. i;87

8. 72
9. 25

8. 06

9. 375
13. 062

10. 125
14. 812
9. 375
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Compoailion and cotst of hreiid and Jloiir—Continued.

Description of food material.
Price
of

loaf.

Weight
of loaf.

"Water.
Pro-
tein.

rat.
Carbo-
hy-

drates.

White patent flonr
AVliite bread made frmu sample No. 34
"Homemade" white bread from whitest
grade of tlour

Bread, made from jiMleiit and baker's
grades of Hour (average of IV Minnesota
samples)

Bread made 1rom graham and whole-
wheat flours of known pnrity (average
of 6 Minne.>1)ta .samples)

Bread made irom imitation whole-wheat
flour (average of 2 Minnesota samples)

.

Corn bread (average of 2 Minnesota sam-
ples)

Eye bread (average of 2 Minnesota sam-
ides)

Average of 77 .samples of bread analyzed
at New Brunswick'''

Average of 10 samples of bread analyzed
at I'ittsburg '

Vienna bread, average of 10 samples an-
alyzed at Washington''

" Homemade" bread, average of 2 samples
analyzed at Washington^

Graliani bread, average of 9 samples ana-
lyzed at Washington-'

Bye bread, average of 7 samples analyzed
at Washington'' -

Quaker bread, average of 3 samples ana-
lyzed at Wash i ugton

MiscelianciiuM liread, average of [(samples
aualj'zed at 'Washington''

Cents. Grams. Per ct.

12. 362
32. 80

32. 90

33. 82

IX 10

41. 9J

37.40

35.r.l

32. C

38.71

33. 02

34. 80

33.42

36. 16

34.41

Per ct.

12. 437
8. 875

8. 937

Per ct.

1.62
3. 529

1. 28

1.21

2. 64

4. 27

.80

1.26

.5

1.06

1. 9.5

2. 03

.66

1.14

1.48

Per ct.

73. 075
54. 175

55.44

53. 4 1

54. 06

46. 07

52. 31

52.55

54.8

50. 17

56. 04

51.05

55. 45

53. 80

55. 02

' $4 per barrel.
2U. S. Dept. Agr., Office of Experiment Stations lUrl. 35, p. 10.

^U. S. Dept. Agr.,Ottic(^ of Exjieriiiient Stations Bui. .52, p. 44.

"U. S. Dept. Agr., Division of Gliemistry Bui. 13, pt. 9, p. 1319.

t5UMMAEY.

The following general deductions were drawn from an examination

of the different samjiles of Minnesota bread:

(1) Seventeen samples of Minnesota bread made from the patent and

bakers' grades of flour gave an average of 9.07 per cent protein, the

maximum and minimum amounts being 10.03 and 8.7l', resi)ectively.

(2) The high percentage of fat in some of the bread samples is caused

by the large amounts of lard and other fats used for shortening pur-

l)oses. From some of the samples of biead appreciably less fat was
obtained in the dry matter thau was present in the dry matter of the

flour from which the bread was made. This apparent loss of fat is

considered in another article in this bulletin (p. 37).

(3) The bread made from the imitation whole-wheat flours contained

•less protein than bread made from the i)atent and bakers' grades ot

flour, while the bread made from true whole-wheat flours—-that is, flours

from which none of the germ or other parts of the wheat had been

removed—contained about 1 per cent more protein than bread made
from ordinary flour. No conclusions, however, as to the relative nutri-
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tive value of whole wheat and ordinary flours run be drawn from the

figures given.

(4) The rye bread contained slightly less protein than ordinary wheat

bread, while the corn bread (contained less than the rye.

(5) The average "pound loaf" of fresh bread as sold by bakers

weighed on an average about 480 grams, equivalent to about 1 pound
1 ounce.

(0) A pound loaf of bread can be made from about tliree quarters of a

pound of Hour, about 25 j)er cent of water being added to the flour dur-

ing the process of bread making. With some flours 5 to 10 i)er cent

more water can be absorbed, making a greater weight of bread product

from a given weight of Hour. Tins additional weight is water and not

nutrients. At 2 cents per pound for flour, it is estimated that a pound
loaf of bread can be made, not counting fuel and labor, for about 2 cents,

a half cent being allowed for shortening and yeast.

LOSS OF DRY MATTER IN BREAD MAKING.

In bread making the action of tlie yeast and heat results in : (1) The
fermentation of the carbohydrates and the prodn(!tion of carbon dioxid

and alcohol; (2) the i»rodnction of soluble carbohy<lrates, as dextrin,

from insoluble forms, as staich; (.5) the production of hu tic and other

acids; (4) the formation of other volatile carbon compounds; (5) a

change in the solubility of the pioteid compounds; (0) the formation of

amid and ammonium compounds irorn soluble proteids, and (7) the par-

tial oxiflation of the fat. In addition to these changes there are

undoubtedly many others which take ])hic.e. Inasmuch as many of the

compounds formed during the fermentation process are either gases or

are volatile at the temi)erature of baking, appreciable losses of dry
matter must necessarily take place in bread making. These losses are

usually considered as amounting to about 2 per cent of the flour used.^

In exceptional cases, as in j^rolonged fermentation, under favorable

conditions the losses may amount to 8 per cent or more.'*

The losses, as determined by various investigators, are as follows:

Voorhees,-' 4..3 per cent; Heeren,^ 1.57 percent; Fehling,* 4.21 per cent;

Graeger,^ 2.14 per cent; J ago,'' 2.5 per cent; Dauglish,'' 3 to 6 per cent.

The loss of dry matter in bread making is such an important matter,

inasmuch as it has direct bearing upon the food value of bread, that it

was deemed advisable to make a study of the subject in order to deter-

mine the exact nature and extent of the losses.

' U. S. Dept. Agr., Farmers' Bui. 23.

- Minnesota Sta. Bui. .54, p. 48.

'U. S. Dept. Agr., Oflice of Experiment Stations Bui. .S.'i.

'•Kiiuig, Chemie der meusclilicheu Naliruugs- und Geuussmittel, 3d ed., 1889, vol.

2, p. 614.

Jago, The Science and Art of Bread Making, p. 361.

^ Ibid.
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LOSS OF CARBON AS CARBON DIOXID.

A number of prelimiuary experiments were made in order to deter-

mine the best way of collecting the gas given off during the fermenta-

tion and baking processes. A baking tin was finally used, constructed

in such a way that all the carbon-dioxid gas given off during the entire

process could be collected and determined. The carbon dioxid was
removed from all of the air admitted to the baking tin during both the

rising and baking operations. A slow current of air was drawn
through the baliing tin, and all carbon dioxid produced by the action

of the yeast and given off" during the bread making was removed from

the air that came from the baking tin. All of the flour, yeast, and
water used in the several bakings w^ere weighed, and all of the carbon

dioxid produced in each operation was also collected and weighed.

Description of apparaUis.—The baking tin d was provided with a

tight-fitting cover, which Avas cemented to the pan with plaster-of-Paris

cement.' The baking tin was connected with two block-tin pipes.

Tig. 1.—Apparatus for determiniug carbou dioxid evolved during- baking of bread.

Through pipe c air was admitted. The air before being admitted into

the baking tin first passed through the wash bottles a and b, containing,

respectively, potassium hydrate and soda-lime, materials used to absorb

the carbon dioxid of the air. The air admitted into the baking tin

through pipe c escaped through pipe e, which was connected with ii

glass condenser. The carbon dioxid given off' during the process was

carried with the air which was aspirated through e. In addition to

air and carbon dioxid, alcohol and all other volatile products formed

during the fermentation and baking operations were given off' through

e. The condenser was connected with an Erlenmeyer flask {/, which

received the alcohol, water, and condensed products. From the flask

g the carbon dioxid passed through a wash bottle h and a tube /, both

containing calcium chloi^id, to remove the last traces of moisture

1 Tliis was selected as the most convenient means of cementing the cover to the

bread pan. It is known that carbon dioxid will jjass through plaster of Paris. It

is believed, however, that in these experiments no material amount was lost iu this

way. The cover fitted the bread pan so closely that there was very little space

between them; furthermore, the plaster of Paris was quite thick iu proportion to

its width, and no gas was allowed to accumulate in the tin or to exert any pressure

upon the eemeut.
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before tbe gas passed on into the absorption tubes / and /,-, where the car-

bon dioxid combined with potassium hydrate and was retaiue(i. The

tubes / and Ic were of large size, each capable of absorbing 10 grams of

carbon dioxid. The tubes were weighed before and after each opera-

tion. The increase in weight showed tbe amount of carbon dioxid

absorbed. The potash bulb 7c was connected with wash bottles / and ««,

containing limewater, which was used to determine whether all of the

carbon dioxid given oft' was absorbed by the potash bulbs. Tlie tube

passing out of m was connected with a suction pump. A current of

air was drawn through the apparatus at the rate of about three bubbles

per second. The apparatus used in the bread-making experiments was

tested in the following way : Between wash bottle h and baking tin d

a small carbon-dioxid generating flask was placed, containing 0.4025

gi am of calcium carbonate, which gave by analysis 43.1 per cent CO2,

and 0.1715 gram of carbon dioxid was recovered from that generated

in the baking apparatus fvom the calcium carbonate used. The the-

oretical amount called for was 0.1735 gram, the amount recovered

being 98.8 per cent of the amount taken.

The apparatus used during the rising process was somewhat simpli-

a b_

Fig. 2.—Api)aratus Ibr determiuing carbou dioxiil ovolvcd during fermentation of bread.

fled (fig. 2). The tube e connected directly with an absorption tube /
containing calcium cdilorid, and only one potash bulb g was used.

Before kneading the bread all the air in the baking tin was drawn off;

the cover was then removed, and the bread was kneaded down gently.

The cover was replaced and the liberated carbon dioxid was removed

by drawing a current of air through the tin. The carbon dioxid being

a heavy gas, it is assumed that it remained in the tin when the cover was
temporarily removed. After the first gentle kneading and the removal

of the liberated gas, the cover was removed and the bread was kneaded

down without removing from the tin. The bread produced in this way
was a little darker in color and was coarser grained than that made in

the ordinary way.

In all, eight experiments were made. In the prelinunary work flour

from both spring wheat and winter wheat was used. As there seemed
to be but little difference in the losses from either kind of flour, it was
thought best to confine the work to one grade of flour, so that the

results would be more comparable. (The patent roller process spring-

wheat flour used contained a much higher percentage of gliadin than
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the flour (No. 32) used in the bread experiment carried on in 1897 (see

p. 22).

The flour used had the following composition

:

Composition of the patent roller-process spring-wheat flour used.

Per cent.

Water 11.86

Protein (N x 5.7) 11.96

Fat 1.33

Soluble carbohydrates 1.58

Starch' 67.22

Ash 41

Undetermined 5. 64

In four of the trials the bread was made by the short-fermentation

process, while in four other trials the long-fermentation process was
used. Thesemethods are as follows:

Short-fermentation method.—A stiff dough is made of the flour, water,

and yeast. It is thoroughly kneaded and is then allowed to rise until

it doubles its bulk, when it is again kneaded thoroughly. After rising

a second time it is baked. In the short-fermentation process a large

quantity of yeast is used, and the time of fermentation is only about

two and a half hours. The baking is completed in about four or four

and one-eighth hours after the bread is first started to rise.

Prolonged fermentation.—A batter is made of the flour, yeast, and

water, which is allowed to ferment ten or fifteen hours, usually

over night. More flour is then added, the dough is kneaded until

smooth, and then allowed to rise, and treated in the same way as in the

first method. In the prolonged fermentation method less yeast is used

than in the short process, and the fermentation is carried on for a

longer time. In the prolonged fermentation trials the temperature dur-

ing the first four or five hours was about 70^ F, During the night the

temperature of the room for four or five hours was about 50° F. In the

trials reported in 1S97- the temperature during the entire process was
kept at a little over 70° F.

In the exi^eriments reported no milk or fat was used in making the

bread. The dough was made from a weighed quantity (about 400 grams)

of flour. After kneading the dough, the amount of flour unused was

deducted from the original amount. This gave the amount actually

used for the bread. During baking the gas was given off rapidly at

first, and then more slowly toward the close of the operation. The
water and alcohol were given oft' almost entirely at the close of the

operation. On account of the necessarily peculiar structure of the

baking tin it was impossible to remove the bread without cutting it into

small pieces. Hence the weight of the bread produced is not included

in the table, as there was necessarily some slight loss. The tempera-

' Determined by the diastase method.

^Minnesota Sta. Bui. 54, p. 48.
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ture of baking was about 400° F., which is just a little below the tem-

perature at which the block-tin pipes would melt. The bread was

baked in an ordinary oven over a gasoline stove.

The results of the test are shown in the following table:

Loss of carbon dioxid in bread.

Materials. Carbon dioxid.

Produced Produced
Flour. Yeast. Water. during during Total.

rising. baking.

Grains. Crams. Grams. Grams. Grams. Per cent.

Sliort fermentation process

:

390 6.4 210 0.24 3. 89 1.06

420 6.4 230 .29 3. 86 1.09

Bread No. 3 390 6.2 230 .18 3.68 1.00

Bread No. 4 ' 385 6.1 230 1.85 1 5. 35 > 1.67

.24 3. 81 1.05

LouK-fernicntation process

:

ilread No. 5 410 3. 30 230 1.025 2. 41 .80

Bread No. 6 440 3.15 230 1.410 2.66 .90

Bread No. 7 4110 3.25 2;i0 1.100 2. 58 .96

Bread No. 8 390 3. 07 230 1.540 2. 47 1.03

1. 300 2.52 .95

' Abnormal fermentation—omitted from averages.

From the table it a])i)ears that, on an average, about 1 per cent ot

carbon dioxid is jjioduced and given off during bread making.

In the short-fermentation process the amount of carbon dioxid given

off while baking exceeded by over 50 per cent the amount given off

during the baking in the long-iermentation process.

In the long fermentation process the amount of carbon dioxid given

off while rising was about five times the amount given off during the

same stage in tlie sliort-feriuentation process.

Under the conditions in which these experiments were made the total

loss of carbon dioxid was nearly the same for the two processes. In

the case of abnormal fermentations, or prolonged fermentations at a

higlier temperature and under more favorable conditions, the loss of

carbon dioxid may materially exceed 1 ])er cent.

In good bread making by either process the amount of carbon dioxid

lost need not exceed 1 per cent.

LOSS OP CARBON IN THE FORM OF ALCOHOL.

During the fermentation process in bread making the iiroduction of

carbon dioxid is accompanied by the production of alcohol. Theoret-

ically, for every i)art of carbon dioxid gas formed there is also produced

J.04 parts <^f alcohol. It is generally supposed that during baking the

alcohol is entirely given off". The theoretical amounts of alcohol formed

during bread making in the above experiments, when calculated on the

basis of tlie carbon dioxid evolved, would be as follows, in the short-

fermentation process: (1) 1.10 per cent alcohol; (2) 1.13 per cent alco-
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hoi; (3) 1.04 per cent alcohol. Similar values for tlie long-fermentation

process would be: (5) 0.83 per cent alcohol; (6) 0.94 per cent alcohol;

(7) 1 per cent alcohol; (8) 1.07 i)er cent alcohol; general average, 1.02.

On an average there is about 1 per cent by weight of alcohol pro-

duced when bread is made. It serves a useful purpose. In baking

the alcohol is volatilized and the vapor aids the carbon dioxid in

expanding the dough, thus making the bread more porous. About 40

(!ubic centimeters of condensed products were obtained in tiask g.

When the contents of the flask was submitted to fractional distillation,

no distillate was obtained until a temjjerature of nearly 90° was reached,

showing that the alcohol was exceedingly dilute.

In several instances the amount of alcohol in the liquid recovered in

the flask was determined by oxidation with chromic acid. The method
followed was essentially that described by Blair ^ for the determination

of carbon in iron by oxidation with chromic and sulphuric acids. Two
additional U-tubes coutainiug sulphuric acid were, however, added to

the train to collect and retain acetic acid formed from incomplete oxi-

dation of the alcohol. The acid in only one of the tubes was discolored.

The contents of both tubes were then added to the generating flask

and the oxidation completed. .It is believed that this method secured

practically all of the alcohol, as no unoxidized organic products could

be detected.

The actual amounts of alcohol obtained by distillation and by the

chromic acid method were less than half the theoretical amounts called

for. Some of the alcohol had undoubtedly undergone chemical changes

resulting in the formation of such bodies as organic acids. In one

experiment 10 cubic centimeters of 95 per cent alcohol was added to

tlie other ingredients in making the bread. The alcohol had no appar-

rent effect upon the action of the yeast; the bread was in every way
normal, except that an odor of alcohol was perceptible.

Samples of normal fresh bread were subjected to distillation and to

other tests, but the distillate did not contain enough alcohol to give an

appreciable reaction.

In general it may be said that there is on an average about 1 per

cent of alcohol formed during bread making, and no appreciable

amount of this alcohol is left in the bread.

LOSS OP CARBON AS OTHER VOLATILE COMPOUNDS.

In addition to carbon dioxid and alcoliol, there is a small amount of

carbon lost in other forms, such as volatile acids. If a bulb containing

sulphuric acid is placed between the calcium chlorid tube * and the

l)otash bulb / (flg. 1) it will be found that the sulphuric acid becomes

dark colored, indicating that volatile compounds have been absorbed.

The carbon thus obtained is probably formed from volatile organic

acids. In four trials the carbon given off during baking, in the form

' Iron Analysis, p. 149.
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of volatile organic matter, was deteriniiied. Tlic volatile i)roducts,

alter removiujj' tlie alcohol, were absoi'bed by sulphuric acid, and the

carbon dioxid, to whicli they were equivalent, was determined by oxi-

dation with chromic acid.' The amount of carbon dioxid tlius obtained

was: In sample No. 9, 0.10 ])er cent; No. 10, 0.14 per cent; No. 11, 0.07

per cent; and No. 12, 0.10 per cent. The result shows that some vola-

tile organic matter containing carbon, either as hydrocarbons, volatile

acids, or in other forms was given off during baking, and that the car-

bon thus obtained was equivalent to about 0.10 per cent of carbon

dioxid.

PRODUCTION OF SOLUBLE CARBOHYDRATES IN BREAD
MAKING.

In wlieat tlour the carbohydrates are jiresent mainly in the form of

insoluble starch. There are, however, a number of other insoluble

carbohydrates and small amounts of soluble carbohydrates, chiefly in

the form of dextrin, with a small amount of sucrose.

A summary of the more important investigations on the insoluble

and soluble carbohydrates of wheat, together with the results of a

number of studies on this subject, has been recently reported by the

Division of Chemistry of this Department.'^ From experiments of the

Division of Chemistry and the best available data, normal air-dried

wheat is said to contain insoluble carbohydrates as follows:

Averayt amount of itisoluble carbohydrates in air-dried wheat.

Per cent.

Starch 54.0-59.0

Free ])eutosims 3. .5-4. 5

Ligiiin and its allies 2.0- 2.5

Cellulose ]. fi- 2. 1

Total insoluble carbohydrates 61.1-68.1

The soluble carbohydrates of wheat investigated by the Division of

Chemistry were invert sugar, sucrose, and dextrin or galactin. The
amounts of these constituents found in wheat and a number of wheat
products are as follows

:

Invert siu/ar, sucrose, and dextrin or galactin in wheat and wheat p7-oducts.

Name.

Wheat
Wheat fioiir

Graham Hour
Self raisiui; wlic;it Honrs
Miscellaneous wheat flonrs ..

Common market wheat flours
Bakers' and family (lours
Patent wheat flours

Invert
sugar.

Sucrose. Dextrin.

Per cent. Per cent. Per cent.

0. U27 0. 330 0. IGO
.014 .101 . 190
.038 .382 .210
.000 .056 .080
.Oo:i .098 .130
.021 .288 .210
.027 . 190 .220
.002 .085 .200

' Blair, Iron Analysis, p. 149.

2 U. S. Dept. Agr., Division of Chemistry Bui. 13, pt. 9, p. 1192.

8697—03 1>
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In addition to tlie soluble carbohydrates mentioned above, small

amounts of raffinose liave been reported by several investigators in

wheat germs. Wheat gerui contains more sucrose than any other of

the wheat products, and the amount of soluble carbohydrates in wheat

flour depends largely upon the proportion of germ present.

A sample of flour (No. 2) used in the experiments at the Minnesota

Station to determine the extent to whicli starch is changed to soluble

forms in bread making contained 1.62 per cent of soluble carbohydrates

calculated as dextrin.

Til addition to the production of alcohol and carbon-dioxid gas by
fermentation, the action of the yeast and heat results in the production

of soluble carbohydrates from insoluble forms. During the baking

process the heat changes some starch to dextrin. In the process of bread

making this results in both the consumption and production of soluble

carbohydrates. The extent to which insoluble starch is changed to

soluble forms in bread making is a subject which does not appear

to have been extensively investigated. Konig^ states that fine wheat

bread contains 4.03 per cent sugar and coarse bread 2,08 per cent.

The term sngar, however, is pot defined.

The extent to which soluble carbohydrates are either consumed or

produced during bread making is an important matter, because flour

contains on an average Go per cent or more of starch, and any change

affecting the starch has a direct effect upon both the composition

and value of the bread produced. In order to determine the extent

to which soluble carbohydrates are produced, six experiments were

made. In three experiments the bread was made by the short-fermen-

tation process and in three other experiments by the long-fermentation

Ijrocess.

No attempt was made to separate and determine the ditt'erent carbo-

liydrates, as sucrose, dextrose, and dextrin. The separation of the

soluble carbohydrates in flour, as a group, is ;i difficult matter. Flour

contains soluble ferments which change sonic of the insoluble starch to

soluble forms whenever flour is left in contact with water for any
length (if time.

The method used was as follows : Twenty grams of flour and 200

cubic centimeters of water were placed in a flask and thoi^oughly

shaken. The water was left in contact with the flour for two hours

and was then decanted into a filter of double thickness. A clear

yellowish tinged filtrate was obtained, 100 cubic centimeters of which

was submitted to hydrolysis and the dextrose determined in the usual

way. For the bread 100 grams aud 500 cubic centimeters of water

were used. Concordant results could not be obtained with dilute

solutions.

The details of each experiment are given in the following table, from

which it will be observed that while the flour contains 1.62 per cent of

' Chemie dei- menschliohen Nahrungs- unci Geiiussmittel, Sd ed., 1889, vol. 2, p. 617.
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soluble carbohydrates the fresh bread produced from the flour con-

taiued from 3,2 to 4.o ])er cent.

Soluble carbohydrates of bread.

Weight of
Hour used.

Weight of
bread pro-
duced.

Soluble
carbohy-
drates in
bread.

Soluble
carbohy-
drates in

bread.

Soluble
carbohy-
drates in

flour.

Sliort-fermentation process

:

Grams. Grams. Per cent. Grams. Grams.
290 415 3.3 13. 70 4.70

Bread Xo^ 14 284 399 3.3 13. 17 4.60
280 393 4.3 16. 90 4.54

Long ftTinriilatiiiii process

:

iiread Ni). Ill 325 426 3.2 13. 63 5. 26
Bread No. 17 325 435i 3.4 14. 79 5.26
Bread No. 18 325 427 3.5 14.94 5.26

ISTotwithstaTuling the loss of carbohydrates caused by the production

of alcohiil and carbon dioxid, these fresh breads contained from 3.2 to

4.3 per cent of soluble carbohydrates. Allowing for average losses of

carbohydrates by fermentation, not far from G to 8 percent of the total

insoluble starcli originally present in the flour has been changed to

soluble forms during the bread-making process. There are other

changes which the starch has undergone which are not shown by

chemical analysis. By the combined action of the ferments and heat

the forms of many of the starch grains in bread are materially changed.

When bread is extracted with alcohol and water to remove a part of

the proteids and the soluble carbohydrate bodies, the forms of the

starch grains may be distinctly studied.

Many of the starch grains appear as if they had been partially

digested, and many pieces of disintegrated starch granules are present.

In some cases the outer layers of the starcli grains appear as if they
had been subjected to pressure and partially ruptured. Many of the

smaller and medium-sized grains appear unaltered. These physical

changes which the starch grains have undergone during the bread-

making inocess doubtless render bread (when properly made) more
susceptible to the action of solvents, as the digestive fluids.

The changes which the carbohydrates undergo in bread making may
be briefly summarized. They are both physical and chemical. Not far

from G to 8 per cent of the insoluble starch is changed to soluble forms,

while the combined action of the ferments and heat raptures a large

l>oi tion of starch grains, rendering them more susceptible to further

changes.

PRODUCTION OF ACIDS IN BREAD MAKING.

Wheat brend made with yeast gives an acid reaction. The amount
of acid varies with the quality of the yeast, the flour, and the conditions
which govern the feimentatiou or rising process. Bread' is said to

' Jago, The Science and Art of Bread Making, p. 366.
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coutain lactic, acetic, and occasionally butyric acids. The ciiaracter^

istic acid of wheat flour lias, however, never been determined. For

convenience the acidity is expressed as jiercentage amounts of lactic

acid.

All wheat flours contain variable amounts of acid bodies. Calculated

as lactic acid, the acidity of normal flour usually ranges between 0.09

and 0.15 per cent. In old and in musty flours the acidity may exceed

0.5 per cent.

For the determination of the acidity of flour, in the experiments

which follow, 20 grams of flour and 200 cubic centimeters of water

were placed in a flask and shaken vigorously. After the flour had

been in contact with the water for an hour the solution was filtered

and 50 cubic centimeters titrated with a tenth normal solution of potas-

sium hydrate, using phenolphthalein as an indicator. Flour does not

readily give up its acid to solvents.

The acidity of a number of samjiles of wheat flour and wheat products

was determined with the following results, the acid being estimated as

lactic acid:

Acidity of flour and other wheat products.

Samples analyzed in 1897. Per cent.

Roller-process patent flour
Spring wheat patent llour
Winter wheat patent llour
Roller-process flour, second grade
Musty flour
Red Dog flour
Wheat germ

0. U'J

. U9

.oy

.

.12

.46

.54

The acidity of the dough and of the bread of a number of samples

made from the same flour was determined. The amount of acid (esti-

mated as lactic acid) was determined in six samples of dough, six of

fresh bread, and six samples of bread made by the short fermentation

process, which had been baked three days. The acid was also deter-

mined in three samples of sour-bread dough, live samples of fresh

bread from the same dough, and in five samples of the bread which

had been baked three days.

Acidity of dough and bread made in different ways.

Dough
Fresli bread
Bread three days after baking.

Short-fermentation process.

Sam-
ple
1.

P. ct.

0. 3B
.18
.22

Sam-
ple
2.

P.ct.
0. 36
.20
.27

Sam-
ple
3.

P.ct.
0. 36

.22

.30

Sam-
ple
4.

P.ct.
0.33
.12
.20

Sam-
ple
5.

P.ct.
0. 40

. 14

.25

Sam-
ple
6.

P. ct.

0. 33
.16
.27

Sour-dough process.

Sam-
ple
1.

P. ct.

0. 60

.38

.58

Sam-
ple
2.

P.ct.
0. 58
.36
.44

Sam-
ple
3.

P. ct.

0.60
.38
.57

Sam- Sam-
ple pie
4.

P.ct.

0. 38

.59
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In the trials, the acidity of the dough made by the short-fermenta-

tion process was between 0.3 and 0.4 per cent. In sour dough, the

acidity was about 0.5 per cent. The bread contains a lower percentage

of acid than the dough. This appears to be due in part to the volatili-

zation of some of the acid during baking, and also to the combination

of the acid with other bodies in the bread (see p. 24).

In the first stages of fermentation the acidity of dough was found to

be much less than in the last stages. When the alcoholic fermentation

became less active, the acidity of the dough increased. The acidity of

the dough also varies with the quality of the yeast. The acidity of

both the bread and dough in the long-fermentation process was found

to be greater than in the short-fermentation process. The results were
calculated as lactic acid. Three samples were analyzed. No. 13 con-

tained 0.12 per cent, No. 14 0,12 per cent, and No. 15 0.12 per cent of

lactic acid. These samples were made by the short-fermentation proc-

ess. Of the samples made by the long-fermentation process No. 16

contained 0.28 per cent, No. 17 0.30 per cent, and No. 18 0.32 per cent

of lactic acid.

The presence of milk, and also the kind of milk, was found to have
an appreciable effect upon the acid content of the bread, as may be

oDserved from the following table, which shows the acidity of bread

made with milk and the average acidity of bread made with water:

Acidily of bread made in various ways.

Breail made
with fresh

Djilk.

Bread made
witb skim

milk.

Bread made
with steril-

ized skim
milk.

Bread made
with water
(short fer-

mentation).

Bread, fresh
Bread, 1 day old .

Bread, 2 days old
Bread, 3 days old

Per cent.

0.06
.18
.16
.16

Per cent.

0. 135
.18
.21
.21

Per cent.

0. 09
.12
.13
.15

Per cent.

0. 17

.25

The effect which acids have upon the food value of the bread is diffi-

cult to estimate. The loss in food value by the production of acids

when the bread contains only about 0.2 per cent is not serious. In

sour bread the losses by the formation of acids are much greater.

Bi3HAVIOR OF THE PROTEIDS OF WHEAT FLOUR IN BREAD
MAKING.

In bread making the changes which the proteids undergo appear to

have been less extensively studied than the changes which affect the

carbohydrates. The part which the proteids take, however, seems of

equal importau(;e.

According to Osborne' the proteids of wheat are (1) an albumin

soluble in water and coagulable by heat; (2) a globulin soluble in dilute

' Amer. Chem. Joui., 15 (1893), pp. 468-471.
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salt solutions and coagulable by lieat; (3) a proteose body soluble iu

water and not coagiilable by beat; (4) giiadiu soluble in dilute alcohol;

and (a) gluteniu which is insoluble in water, salt solutions, or dilute

alcohol. The last two are present in larger quantity than the others,

and together form the gluten of wheat and of flour.

Wheat gluten is composed of CO to 70 per cent gliadin and 30 to 40

per cent gluteniu. The gliadin constitutes the binding material of the

flour and enables the dough to retain the gas and to become light when
tlie bread is made. A flour that contains an excess of gliadin is soft

and sticky, while one deficient in this material is lacking in power of

expansion. The gluteniu is the material to which the gliadin adheres

and thus prevents the dough from becoming too soft and sticky. In

hard wheat flours the gluten is believed to be composed of gliadin and
gluteniu in the ratio of about 65 to 35,' while in the flours from soft

wheats the ratio is 70 to 30.

A flour similar to the one used in these experiments and from the

same source contained the following iierceutages of the several proteids

:

Protvids ill ivli eat flour.

Per cent.

Albumin 0. 3

Globulin 9

Proteose body 2

Gliadin 6.8

Glutenin 4.5

Total 12.7

The gluteu of flour, independent of ferment action, iiossesses, when
baked, a power of expansion varyiug with the quality of the flour from

which the gluten is obtained. An appa-

ratus for testing the expansive power of

gluten of flour has recently been devised by

C. Foster, of Minneai)olis, and has been

described in a publication ^ of the Division

of Chemistry of this Department. As a

general rule the better the baking qualities

of the flour the greater the power of expan-

sion. The illustration (flg. 3) shows the

Fig. 3.—Gluten from two samples of expausivc powcr, as mcasurcd by Foster's

apparatus, of the gluten from two samples

of flour containing nearly the same percentage of total protein com-

pounds but diff'erent percentages of gluten.

The quality of gluten determines very largely the quality of the

bread which is produced. Two samples of flour may contain about th.e

same relative amounts of carbohydrates and proteid compounds, and

' Minnesota Sta. Bui. 54, p. 42.

2U. S. Dept. Agr., Division of Chemistry Bui. 13, pt. 9. p. 1272.
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Fig. 1.—Bread from normal Hour aud from mixtures of normal and e.xtracted flours: A, normal

flour; B, flour with about one-half of the gliadin extracted; C, one-half normal and one-half

gliadiu-extracted flour.

Fig. 2.—Bread from normal Hour and from mixtures of normal and corn flours; A, normal flour;

B, normal flour and 20 per cent corn flour; C, normal flour aud 10 per cent corn flour.

Bread from Normal Flour, from Mixtures of Normal and Extracted Flours, and
FROM Mixtures of Normal and Corn Flours.
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have about the same ainonut of gas produced during fermentation, and

yet produce bread of entirely different physical properties because of

the difference in the gluten in the two Hours. The two samples from

which the glutens shown in fig. 3 were ])repared are flours which pro-

duce bread of entirely different ])hysical j)roperties. The percentage

of carbohydrate and protein compounds in the two samples are nearly

the same, but the glutens are entirely different, as the illustration

indicates.

As stated above, the quality of the bread is determined very largely

by tlie relative proportion of gliadin and gluteniu in the gluten. In

order to produce the best quality of bread the gliadin and glutenin must
be i^resentin the right proportion to form a balanced gluten. This fact

can best be illustrated by noting the effect produced by removing a

part or all of the gliadin. The gliadin from a sample of high-grade

patent flour was removed by extraction with alcohol, and when bread

was made from the gliadin-extracted flour the dough was not sticky.

It felt like putty and broke in the same way. The yeast caused the

mass to expand a little when first placed in the oven, then the top of the

loaf began to break apart, and there w;i s a decrease in size. The result

was a loaf of less than half the size of that made from the same weight

of normal flour. On the other hand, when the water-soluble proteids

were extracted from normal flour the bread was normal in ajipearance.

When the globulin was extracted the bread was also normal. The
bread, however, produced from flour which had been extracted with

water, and with dilute salt solutions, was nearly tasteless, probably

due to the removal of the soluble carbohydrates and other fermentation

products. (See PI. I.)

The removal of a part of the gliadin also resulted in producing

nearly the same effect as the removal of all the gliadin. A sample of

flour containing 1.95 per cent total nitrogen and 1.23 ])cr cent gliadin-

nitrogen was partially extracted with alcohol. The extracted flour

contained 1.41 per cent total nitrogen. The bread i)rodu('ed from this

flour was very similar to that produced when all of the gliadin was
extracted. When halt normal flour and half of the partially extracted

flour were mixed the bread product was only slightly improved. Three
trials at different times gave substantially the same results. From
these experiments it is evident that any interference with the gliadin-

glutenin ratio in flour has a marked influence upon the quality of the

bread product. When the gliadin-gluteniu ratio was left undisturbed

a foreign proteitl could be introduced without materially interfering

with the rising of the bread. Bread made with 10 per cent corn flour

and 90 per cent patent wheat flour had nearly the same coefiBcient of

expansion as bread made from normal flour.

From these experiments it would appear that as long as the gliadin-

glutenin ratio remains normal it is possible to reduce slightly the per-
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centage amoants of these two proteids without materially influencing

the expansion coefficient of the dough, but any material change of the

gliadin-glutenin ratio materially influences the power of the dough to

expand and produce a good quality of bread.

Inasmuch as the protein compounds are subject to changes during

the bread-making process and any changes affecting the gluten proteids

may affect the physical properties of the bread, it follows that the part

which the proteids take in bread making is an important one. It was
therefore studied in considerable detail.

In this investigation flour (No. 2) of the following composition was
used: Water, 9.74 ])er cent; protein (if x 5.7), 11.80 j)er cent; ether

extract, 0.92 per cent; soluble carbohydrates, 1.62 per cent; starch,^

G8.80 i^er cent; ash, 0.40 per cent; undetermined, G.54 per cent, and

acidity (as lactic acid), 0.12 per cent.

The plan followed was to determine the solubility of the nitrogen in

the flour, in the dough, and in the bread, since during the process of

bread making the proteids are acted upon by (1) ferments, (2) by acids

produced during the fermentation, and (3) by heat. The question

naturally suggests itself: To what extent does the combined action

of these three agents affect the composition of the ijroteids?

The solubility of the nitrogenous compounds expressed in terms of

nitrogen was as follows, the total nitrogen being 2.07 per cent: Water-

soluble nitrogen (albumin, proteose, etc.), 0.32 per cent; salt-soluble

nitrogen (globulin), 0.12 per cent; alcohol-soluble nitrogen (gliadiu),

1.31 per cent.

The two proteids, gliadin and glutenin, are both soluble in dilute

acid and alkaline solutions, gliadin being more soluble in acid than

glutenin.

Independent of all ferment action, tlie ])roteids seem to be acted

upon by the acid bodies produced during the fermentation. There

appears to be a partial union between the acid and the proteid bodies.

The fact that flour can, in some way, absorb acid bodies was demon-

strated in the following way: Ten cubic centimeters of a dilute solution

of lactic acid (containing 0.549 gram) was introduced into a flask con-

taining 10 grams of flour and 90 cubic centimeters of water. After

being in contact with the flour for an hour only 0.441 gram of lactic

acid could be obtained by titration, showing that 10 grams of flour

had absorbed 0.108 gram of the acid. That this absorption was some-

how connected with the proteid bodies was shown by separating the

gluten from 10 grams of flour and placing it in a flask with 10 cubic

centimeters of dilute lactic acid (containing 0.549 gram). Only 0.443

gram of acid was recovered. Hydrochloric and other acids are absorbed

in a similar way. In order to determine the extent to which the acids

in the dough act upon the proteids, weighed quantities of flour were

' Estimated by the Lindet method.
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subjected to the action of dilute solutions (0.22 per cent) of lactic acid.

The results are as follows

:

Effect of lactic acid upon proteidn offlour.

Lactic
acid used

.

Nitrogen
of ]>rot<'id.s

rendored
soluble.

Per cent.

0. 22
.44
.55

Per cent.
0.43
.48

1. 12

With a dilute lactic-acid solution proteid equal to 0.43 -per cent of

nitrogen, in excess of water-soluble proteid, was dissolved.

When a given amount of acid was added to a definite weight of

gluten, not all of the acid could be recovered by subsequent titration

with a standard alkali solution. The atiid, however, rendered some of

the proteid more soluble. These facts would indicate that the acid

and the proteid had formed a soluble compound, and that the acid was
held in such a firm state of combination that it could not subsequently

be combined with an alkali. A similar reaction takes place in the

manufacture of "sweet-curd" cheese. The milk before it is coagulated

contains a much higher percentage of acid than the whey. The small

aniount of acid combined with the milk proteid s can not be recovered

with an alkali. The observation of I^asse,^ confirmed by Schiitzenber-

ger, that a certain fraction of the nitrogen of ])roteids is in less stable

forms of combination than the rest, offers in part an explanation of the

behavior of gluten proteids in acid solutions.'*

The acid of 0.55 per cent strength, which corresponded to the

strength of the acid found in the sour dough (tlour No. 3), dissolved

1.12 ])er cent nitrogen. Under ordinary conditions the acids formed

during bread making, independent of ferment action, are capable of

dissolving about 0.5 per cent nitrogen.

The amounts of water soluble nitrogen found in doughs of various

degrees of acidity are shown in the following table:

Soluble nitrogen in doughs of different acidity.

Acidity.
Soluble

nitrogen.

Per cent.

0. 25
.20
.40
.60

Per cent.

0. 50
.41

.52
1.20

UouKh No. 3

' Watts, Dictionary of Chemistry, Proteids, Vol. IV, p. 328.

Since this bulletin hns been prepared for the press, Osborne (.Tonr. Amer. Chem.
Soc., 21 (1899), p. 486) has pnblislicd an article "Definite coniponnds of protein

bodies," in which he states, page 4'I3, that " wliat lias heretofore been regarded as

'native' protein substances are, in fact, protein bodies combined to acids, so tliat

preparations as usually obtained have been mixtures of simpler salts of these

bodies." This statement is in harmony with the facts reported in this bulletin.
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It is to be observed that the amount of soluble nitrogen in doughs
increases with the acidity of the dough, and that the solvent action of

the acids accounts for nearly all the soluble nitrogen. This would
indicate that the ferment bodies have not directly acted upon the pro-

teids to any appreciable extent but that the acid jiroducts of fermen-

tation have rendered some of the proteids soluble. In the most acid

dough the amount of soluble nitrogen was found to be 1.20 per cent.

The fact that the proteids of the dough are of a different nature

from the proteids of flour can be shown by placing about 30 grams of

acid dough in a linen bag and attempting to obtain the gluten by
washing. Only about a third as much is obtained as from the same
amount of fl^our, showing that the gluten of the dough has undergone

marked changes.

When bread is baked the heat changes the solubility of some of the

proteids. The albumin and the globulin are both coagulated at the

temperatures reached in baking, and are changed from water-soluble

and salt-.solubIe to insoluble forms.

The water-soluble nitrogen in six samples of bread was determined.

In three of the breads, sam]>les 1, 2, and 3, made by the short-fermen-

tation process, there was a low acidity, while in three other samples,

4, 5, and 6, made by the long-fermentation process, the acidity was
high. The alcohol-soluble or gliadin nitrogen was also determined.

The results are given, on the basis of the dry matter, in the following

table

:

Soluble nitrogen in hread.

Acidity.
Total

nitrogen.

Water-
soluble

nitrogen.

Alcohol-
soluble

nitrogeu.

Short-fermentation process: Fer cent.

0. 13

. 13

. 13

.60

.00

.61

Per cent.

2. 30
2. 26
2. 30

2. 30
2.26
2. 28

Per cent.

0.11
.10
.11

.50

.55

.50

Per cent.

Bread No. 2 i.si
1. 2U

.77

.75

Bread No. 3

Long-fermentatiou process

:

Bread No. 4
Bread No. 5
Bread No. 6

Breads made from doughs of low acidity contain only a small amount
of water-soluble nitrogen. But little nitrogen is rendered soluble in

the dough, and the albumin and globulin are coagulated during the

baking.

When a high acidity is reached in the dough the amount of water-

soluble nitrogen produced in the bread is increased. This is due appar-

ently to the solvent action of the acid produced during the rising

process.

From the table it appears that the gliadin is probably the proteid

which is rendered soluble, as there is a decrease of alcohol-soluble

nitrogen and a proportional increase of water-soluble nitrogen.

It is a well-known fact that in order to produce good bread from
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some flours a longer fermentation is necessary than from other flours.

Tlie longer fermentation undoubtedly reduces tlie gliadin content, so

that the proportions between the gliadin and the glutenin are better

suited for bread making.

It is generally considered that yeast is used in bread making simply

for the imrpose of producing gas to expand the dough. In some flours,

however, yeast has an additional action, namely, to produce acid

bodies which combine with the gliadin to form acid proteids, so that

the ratio between the remaining gliadin and glutenin becomes more or

less favorable for the ])roduction of a good (piality of dough. Hence

the same method of bread making does not produce the same results

with all lU)urs because of the differences in the composition of the

gluten in the various flours.

LOSS OF NITROGEN IN BREAD MAKING-.

Proteids constitute about 97 per cent of the total nitrogenous mate-

rial of flour. In addition, tlour contains nitrogen in other forms, as

amid nitrogen. The amount of amid nitrogen is small, usually ranging

from 0.0'J to O.OH per cent. The amid compounds do not constitute so

stable a group as the j)roteids. In bread making the more stable pro-

tein compounds undergo only a limited change in solubility, as dis-

cussed in the preceding section ; the amid compounds may, however,

be converted into ammonia and lost.

The two factors which affect the loss of nitrogen in bread making
are (1) the amount of nonproteid nitrogen in the flour, and (1!) the

nature of the fermentation. When bread is made from flour containing,

only a small amount of amid nitrogen, and the fermentation is of such

a nature that amid compounds are not formed from soluble proteids,

the amount of nitrogen lost is small.

There are at least two ways by which the amount of nitrogen lost

during bread making may be determined: (1) by analyzing the flour

and bread, to determine the amount of nitrogen obtained in bread

made from a known weight of flour, and (2) by analyzing the gaseous

products evolved during the process of bread making. In this work
both methods were employed. Two series of investigations were nuide,

one in 1897 and one in 1898. The work of the first year was of a pre-

liminary nature. In 1897 bread was made from flour which contained

2.09 per cent nitrogen; in 1898 bread was made from flour which con-

tained 2.07 per cent of total nitrogen, and 0.3 per cent amid nitrogen.

The first method of procedure was as follows: A portion of flour (300 to

400 grams), more than sufficient for the required amount of bread, was
weighed. The bread was made by the short-fermentation process,

mechanical losses of flour being avoided as much as possible. The
amount of unused flour was weighed and deducted from the original

amount. The same amount of yeast and water was used for each loaf.

In the following table is shown the weight of materials used and of
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the bread obtained in 1897, when the short process of fermentation

was employed

:

Weight of materials used and 'bread made by short-fermentation process in 1897.

Flour. Water. Teast. Bread.

Grams.
353. 57
368. 34
322. 28

Cc.

230
230
230

Grams.
6.85
6. 27
6.57

Grams.
512. 76
520. 70
445. 10

Bread No. 3

The dry matter and nitrogen in the material and bread, and the

actual and ijercentage losses are shown in the following table:

Dry matter and nitrogen in materials used and bread made by short-fermentation process
in 1897.

Dry matter. Nitrogen.

Flour. Teast. Total. Bread. Loss. Loss. Flour. Yeast. Total. Bread. Loss. Loss.

Gr. Gr. Gr. Gr. Gr. P.ct. Gr. Gr. Gr. Gr. Gr. P.ct.
Bread No. 1 .

.

315. 20 2.36 317. 56 312.94 i. 62 1. 48 7.39 0. 14 7. 53 7.23 C 30 3.94
Bread No. 3 .

.

328. 36 2.16 330. 52 322. 05 4. 75 1.43 7. 69 .13 7.82 7. 81 .01 . 13

Bread No. 5 .

.

287. 30 2. 26 289. 56 286. 90 2. 66 .92 6. 74 .13 6.87 6.76 .11 1.60

When bread was made by the long-fermentation process in 1897 the

weight of the materials used and of the bread made was as follows :

Weights of materials used and bread made by long-fermentation process in 1897.

Flour. Water. Teast. Bread.

Bread No. 2

Grams.
378. 20
390. 67

435. 82
415.7

Cc.
230
230
230
230

Grams.
1. 68
2. 66

2. 45
2. 35

Grams.
490.1
525.7
553.

6

566.

1

The dry matter and nitrogen in the materials used and the l)rend

made, as well as the actual and percentage losses of dry matter and

nitrogen, are shown in the following table:

Dry matter and nitrogen in materials used and bread madebi/ long-fbrmentation process

in 1897.

Dry matter. Nitrogen.

Flour. Yeast. Total. Bread. Loss. Loss. Flour. Yeast. Total. Bread. Loss. Loss.

Gr. Gr. Gr. Gr. Gr. P. ct. Gr. Gr. Gr. Gr. Gr. F.ct.

Bread No. 2 .

.

337. 15 0. 59 337. 74 310. 28 27. 46 8. 141 7. 90 0.03 7. 93 7. 057 0. 880 11.09>

Bread No. 4 .

.

348. 27 .92 349. 02 313. 30 35. 70 10. 23 8. 17 .05 8. 22 7. 730 .488 5.94

Bread No. 6 .

.

388. 52 .85 389. 37 362. 50 26. 87 6. 90 9.11 .05 9. 16 8. 304 .856 9. 291

Broad No. 7 .

.

370. 58 .81 371. 39 355. 34 16. 05 5.93 8. 69 .05 8. 74 8. 208 .532 6. 016

1 Abnormal losses.
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In 1898 prsijctically this same method was followed. The bread was

weic^hed when fresh aud was again weighed after standing eighteen

hours. It was then prepared for analysis.

The weight of tlie ingredients used in making the bread, the weight

of the dough and bread, and the percentage of water in the bread are

shown in the following table

:

iVeiylit of ingredients and dough and percentage of water in bread made by short-fermen-
tation process in IS9S.

Ml

Flour.

iterials as

Water.

sd.

Yeast.

Dough
when
mixed.

Dough
when

kneaded.

Fresh
bread.

Bread 18
hours old.

Water in
l(?-ead 18
hours old.

Broad Xo. 8

Bread No. 9

Bread No. 10

Grains.
290
284
280

Grams.
172
172
172

Grams.
4.5
4.5
4 5

Grams.
45G. 9
450.5
444.7

Grams.
456
445
442.2

Grams.
425.3
408.4
402

Grams.
415
398.8
392.8

Per cent.

37. 23
36. 16
36. 78

After the second weighing each loaf was cut into halves and the two
portions analyzed se[)ai ately by different analysts. A quarter of a loaf

was used for the moisture determination, and it was found that con-

cordant results could not be obtained by crumbing the bread and using

a weighed quantity of the mixed crumbs for the determination of mois-

ture. Tbe amount of moisture present in different parts of a loaf of

bread is extremely varied, as the following determinations show : Water
in crust, 22.29 per cent; water in crumb, 40.65 per cent; water in

different parts of the crumb, 38.77, 42.95, and 42.01 per cent.

Nitrogen detenmnations were made with the fresh bread, and the

dried material after it had been pulverized and thoroughly mixed. The
most satisfactory results were obtained by using the dry material.

Unless otherwise stated, all the results were obtained from the analysis

of such material.

The composition of the bread ^ water-free substance) made by the

short-fermentation process in 1898 was as follows:

Composition of bread made fe.i/ short-fermentation procefis in 1S98.

Dry matter.

Protein
(NX5.7).

Ether
extract.

Soluble
carbohy-
drates.

In.soluble
carbohy-
drates.

Ash. Acidity.

Per cent.

13. 11

13. 11
12. 88

Per cent.

0. 37

.44

.42

Per cent.

5. 25
5.25
6. 80

Per cent.

80. 70
80. 60
79. 29

Per cent.

0. 44
.47
.48

Per cent.

0.13
.13
.13

The yeast had the following composition: Water, 64.53 per cent;

ether extract, 0.44 per cent; total nitrogen, 1.65 per cent; carbohy-

drates, 23.26 per cent, and ash, 1.46 per cent.

The dry matter in the materials and in the bread made from them, as
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well as the actual and percentage loss of dry matter, are shown in the

following table:

Total dry matter in materials and bread made hi/ sliort-fermentation process in 1898.

Flour. Teast. Total. Bread. Loss. Loss.
Average

loss.

Bread No. 8
Bread No. 9

Bread No. 10

Grams.
261.7
256.3
252.7

Grams.
1.6
1.6
1.6

Grams.
263.3
257.9
254.3

Grams.
260.5
254.

6

248.3

Orams.
2.8
3.3
6.0

Per cent.

1.07
L 28
2. 38

Per cent.

1
1.58

The nitrogen in the materials and bread made from them, together

with the actual and percentage loss of nitrogen, are shown in the follow-

ing table:

I'otal nitrogen in materials and bread made luj slwrt-fermentation process in 1898.

Flour. Teast. Total. Bread. Loss.
Average

loss.

Bread No. 8
Orams.

6

5. 87
5. 80

Grams.
0.07
.07
.07

Grams.
6.07
5. 94
5. 87

Grams.
5. 99
5.88
5. 75

Gram.
0. 08
.06
.12

Per cent.

1
1.45Bread No. 9

Bread No. 10

Under the conditions of these experiments there was an average loss

of 1.58 per cent of total dry matter and 1.45 per cent of the total nitro-

gen. The difference between the amount of nitrogen in the bread and

that in the Hour and yeast is so sinall that it might well be questioned

whether this loss is not within the limits of error of ordinary chemical

work. In order to check the resnlts, the gases evolved during bread

making were analyzed. The general arrangement of the apparatus

used was much the same as that ein])loyed in collecting the carbon

dioxid (see p. 12). A U-tube containing sulphuric acid was substituted

for the potash bulbs. After the gas evolved had passed through the

apparatus, the contents of the flask g and of the U-tube were transferred

to a Kjeldahl flask and the nitrogen determined in the usual way.

Four determinations were made. The amount of nitrogen given off

from 300 grams of flour was found to be small, about 0.02 per cent.

When the bread was dried in the drying oven a larger amount of

nitrogen was given off than during the baking process. Twenty five

one-hundredths gram of bread when dried yielded from O.Ol to 0.02

per cent nitrogen. It is to be observed that while the two methods do

not absolutely agree as to the amount of nitrogen lost, there is, how-

ever, a slight loss observable in each case. When bread is properly

made, this loss of nitrogen need not seriously affect its nutritive value.

To obtain additional information on this matter determinations of

the nitrogen in the crust and crumb were made with a sample of each.

The complete analysis of the samples is also reported. On the basis

of dry matter the amount of nitrogen found was practically the same

in both.



31

Composition of crust and crumb.

"Water.
Protein

(NX6.25).
Fat.

Carholiy-
(Irates.

Ash.
Nit rogeii

ill (Irv

matter.

Per cent.

22. 29
40. 65

Per cent.

11.43
8. 87

Per cent.

0. 60
.49

Per cent.

65. 30

49. 67

Per cent.

0. 38
.32

Per cent.
2.35
2. 39

While the araouut of nitrogen lost when bread is x'roperly made is

small, the amount lo.st when bread is not properly made may materially

exceed the figures given above.

In order to dcteriniiie to what extent losses may occur under abnor-

mal conditions, or what are fretiuently usual conditions, bread was
made without any .>-pecial care, except to avoid mechanical losses.

Tiie long-fermentation ])rocess was followed, the same Hour being used

as in the tests by the short-fermentation process. A batter was made
in the afternoon and the bread raising completed the next day about

noon. A strongly acid dough resulted. The weight of flour and of

the bread made, together with its content of water, are given in the

following table:

Weight of material and hread, aud of n ater in bread, made by long-fermentation process
in 1S98.

Materials.
Fresh
bread.

Water
in fresh
bread.Flour. Yeast. Water.

r.reail No. 11

Oramt.
325
325
325

Grams.
2.2
2.2
2.2

Grams.
172
172
172

Grams.
437.2
435.5
427

Per cen t.

35. 03
36.68
35

liread No. 12

Bread No. 13

Composition of bread made by long-fermentation process in 1898.

Dry matter.

Protein
(N X 5.7).

Ether
extract.

Soluble
carbohy-
drates.

Insoluble
carljohy-
drates.

A.sh. Acidity.

Bread No. 11
Bread No. 12
Bread No. 13

Per cent.

13.11
12. 88

13

Per cent.

0. I

.3

.17

Per cent.

4 93
5.25
5. 49

Per cent.

80.8
80. 46
80. 21

Per cent.

0. 49
.52
.52

Per cent.
0.57
.59
.61

The loss of dry matter and nitrogen in the bread made is shown in

the following table

:

Dry matter and nitrogen in materials nscd and bread made by the lovg-ferinentation
process in 1S08.

Dry matter. Nitrogen.

In
flour.

In
yeast.

Total. In
bread.

Loss.
In In

flour, yeast.
Tot"!-

br'ead.
Loss.

Bread No. 11

I!n ad No. 12

Bread No. 13

Grams.
293. 3

293. 3

293.

3

Grain.
0.8
.8

.8

Grams.
294.

1

294.

1

294.1

Grams.
276.8
275.

6

277.5

Per ct.

5. 88
6. 29
5.64

Grams. Gram.
6. 73 0. 03
6. 73 . 03
6. 73 . 03

Grams.
6. 76
6. 76
6. 70

Grams.
6. 37
6. 22
6. 32

Per ct.

5.77
7.98
6.5
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It will be observed tliat by excessive fermentation resulting in the

l)roduction of add dougli, there may be a loss of 6 per cent or more of

dry matter. When some of the same flour was made into bread by
less fermentation and with more care, the loss of dry matter was only

1.58 per cent, as noted above.

These figures indicate that in good bread making it is possible to

reduce the losses caused by fermentation to about 3 pounds of flour

per barrel. When less care is exercised the loss may be as high as 12

pounds of flour per barrel.

Von Bibra ' states that there is less nitrogen in the crust of bread

than there is in the crumb. According to this author the crumb of

wheat bread contained 1.498 per cent nitrogen and the crust 1.363 per

cent, while the crumb of rye bread contains 1.47G per cent and the crust

1.293 per cent.

In making bread, milk or lard is usually added to the dough. The
eliect upon the composition of the bread may be observed from the fol-

lowing table, which shows the composition of bread made with and
without these ingredients

:

Composition offlour, and l)read made from it in different ivays.

Water. Protein. Pat.
Carbo-

hydrates.
Ash.

Flour
Per cent.

10. 11
36. 12

37. 70

36.02

Per cent.

12.47
9. 46
9. 27

10. 57

Per cent.
0. 86
.40

1.02
.48

Per cent.
76. 09
53.70
51.70
52. 63

Per cent.

0.47
.32
.31
.30

Bread made with water
Bread made with lard
Bread made with skim milk

CHANGES IN THE SOLUBILITY OF FAT DURING- BREAD MAKING.

It has frequently been observed that tlie ether extract of bread made
of flour and water only is much lower than the ether extract in the flour

from which it was made.^ In flour No. 2 there was 0.96 per cent of

ether extract. In none of the breads made from this flour was there

more than 0.44 per cent of ether extract obtained (calculated on the

dry matter basis). That is, of the total ether extract in the flour, not

more than half was obtained as ether extract in the bread. Before

extraction with ether the bread was dried at 100^ in hydrogen.

In flour No. 2 the fat obtained was light colored, while that from the

bread was decidedly dark colored and separated in the form of glob-

ules. During the process of bread making and drying there had evi

dently been some change aft'ecting the composition of the fat, rendering

it less soluble. The iodin absorption number of the fat from the flour

and from the bread was determined. That of fat from flour was 101.4

and that of fat from bread, 60.4.

iKonig, Chemie der menschlichen Nahrungs- unci Genussmittel, Sd ed., 1889, vol. 2,

p. 614.

2 U. S. Dept. Agr., Office of Experiment Stations Buls. 35 and 52.
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SUMMARY.

The re.snlts of these investigations may be siiramarized as follows:

(1) In ordinary bread making about 1 per cent of carbon dioxid was

given oft" during the rising and baking processes and a little more than 1

per cent of alcohol was formed. There was also given off during baking

a small amount of volatile acid products.

,(2) The determination of the volatile jjroducts given oft' during bread

making showed a total loss of 0.74 per cent of the total carbon in the

flour, which is ecpiivalent to about 1.68 per cent of starch.

(3) When special care was taken in bread making, the analyses of the

flour and the bread showed an average loss of 1.58 per cent of the total

diy matter of the flour.

(4) The analyses of the gases produced, and of the flour and bread,

indicate tluit for good bread making the total losses need not exceed 2

per cent of the flour used, and that it is possible to reduce the losses

to 1.1 per cent.

(a) The amount of alcohol recovered in bread making was found to

be less than the theoretical amount corresponding to the carbon dioxid

produced. This discrepancy is not due to alcohol lemaining in the

loaf, since no appreciable amounts of alcohol were recovered from fresh

bread. When alcohol was used in making bread the action of the

yeast was apparently normal.

(6) In bread making the starch undergoes both physical and chem-

ical changes. From 3 to 4 per cent of soluble carbohydrates were

found in the bread, indicating that less than 8 per cent of the total

starch was changed from insoluble to soluble forms. The ifliysical

changes which many of tlie starch granules undergo are marked. Some
are ijartiallj' disintegrated, while others are ruptured.

(7) Normal flour contains a small amount of acid. During bread

making variable amounts of acid was produced by the action of the

yeast. A part of the acid formed appears to unite with the proteids.

In acid doughs the acid renders the proteids more soluble and changes

the composition of the gluten.

(8) When bread is made from dough of low acidity there was less

water-soluble nitrogen in the bread than in the flour, because of the

coagulation of the albumin and globulin during baking. In bread

made from doughs of high acidity the amount of water soluble nitro-

gen was increased. This is due to the action ofthe acid on the insoluble

proteids. The gliadiu is rendered soluble, which changes the gliadiu-

glutenin ratio of the bread.

(!)) The power of exi)ansion which the gluten of a flour possesses

determines very largely the physical properties of the bread. Some
glutens possess an expansive power four or Ave times greater than

others.

In general it may be said that in good bread making the loss of dry

8697—03 3
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matter and of nitrogen need not exceed l.G per cent of the total

amounts in the flour. In poor bread making the losses may exceed G

per cent. In good bread making the losses are equivalent to about 3

pounds i)er barrel of flour, while with poor bread making the losses may
exceed li pounds per barrel.

DIGESTIBILITY OF BREAD.

Two experiments on the digestibility of bread were made with a

healthy man, a university student, about 22 years old. He had been

accustomed to ordinary farui labor. During the experimental periods

the exercise consisted of a daily walk of 4 miles. In the first experi-

ment bread made from patent roller-process flour ground from Scotch

Fife (a spring wheat) was eaten, and in the second, bread made from

the bakers' grade of flour from the same wheat was used. In milling

wlieat by the patent roller iirocess the finest grade flour is the flour first

removed; the product next obtained is the bakers' grade. It is ground
nearly as fine as the patent flour, and differs from it mainly in the

physical qualities of the gluten. The bread used in the tests was made
by the quick-feruientation ])rocess described on page 14, with milk,

butter, and salt in addition to the yeast and flour. In both tests eggs

and butter were eaten in addition to the bread. Each test covered two

days and practically the same amounts of bread, butter, and eggs were

consumed daily. The usual experimental methods were followed. The
feces were separated by means of charcoal.' The composition of the

two sorts of flour, the Dread made from them, and of the butter and

eggs, is shown in the following table:

Composition of flour, tread, eggs, and iulter.

Water. Protein. Fat.
Carbo-

bydrates.
Ash.

Bread from patent roller-process flour
Bakers' grade flour

Bread from bakers' grade flour

EgRs

Per cent.

12.36
32, 80
8. 01

38. 25

74. 22
10.98

Per cent.

12. 44
9. 00

1.5. 50
10. 81
15.21

Per cent.

1.62
3. 53

2. 22
2. 13

9. 88
86. 12

Per cent.

73. 07
53. 99
73. 52
47. 79

Per cent.

0. 51
.62
.75

1.02
.92

Butter

The food consumed in the two days of the first experimental period

was as follows: First day, G72 grams jiatent flour bread; 5 eggs (net

weight, 242.3 grams); 84 grams butter. Second day, the same quan-

tity of bread and butter, and 4 eggs (net weight, 201.1 grams). The
feces weighed 274.5 grams. 'I'he ether extract of the feces was found

to contain some nitrogen; this was believed to be nitrogen of metabolic

products. However, since it was not possible to settle this point defi-

nitely, no correction was made for it in determining the coefficients of

digestibility. The dry matter of the feces weighed G2 grams and had

' U. S. Dept. Agr., Office of Esperimeut Stations Bui. 21, j). 58.
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the following jierceutage composition: Total etlier extract, ir» 57; nitro-

gen in ether extract, 0.42; protein, 28.94; carbohydrates, 30.99, and ash,
14.50. The constituents of the food consumed and of the feces and
the coefficients of digestibility of the mixed diet are shown in the fol-

lowing table:

DiiivMibiUtij of diet contahiimj bread made from patent roller process Hour.

In 443.4 gram.s of eggs.
Ill 108 f;rani.s of liutler.
Ill 1,344 "Tam.s of bread

In (i2 grams (dry) feces ...

Amount digested

Coefficient of digestibility.

Dry
matter. Protein. Fat. Carlio-

liydraies.

Grams.
114.3
149. 7

853. 9

Grams.
1)7.4

1-21. 70

Grams.
43.8

14ti. 3

37.3

Grams.

725. 6

1,117.9
(i2. 0

189.2
17.9

227. 4

12. 1

72.5. 6
22. 9

1. 055. 9
}' r cent.

94.4

171.3
Fer cent.

90. 5

215. 3
Per cent.

94.7

7"2 7
Per cent.

90.9

On the first day of the second experimental period the ivation was as
follows

:
052 grams bread, made from bakers' grade of flour; 218.G gi anis

eggs; and 84 grams butter. On the second day, 072 grams bread,
242.3 grams eggs, and 84 grams batter. The feces weighed 279 grams!
The dry matter of the feces weighed 02.5 grams and had the following
percentage composition: Total ether extract, 19.05; nitrogen in ether
extract, 0.40; protein, 30.94; carbohydrates, 32.49, and ash 17.52. The
constituents of the food and feces and the coefficients of digestibility
of the different nutrients are shown in the following table:

Du/estibilitij of diet coiitaininrj bread made from bakers' grade flour.

In 1,324 grams bread.
In 401 grams eggs . ..

In 168 grams butter .

Total
feces

Amount digested

Coefficient of digestibility .

Dry
matter. Protein. Fat. Carbo-

hydrates.

Grams.
817.0
118.9
149.6

Grains.
143.

1

70.1

Grams.
28. 2

45.6
144.7

Grams.
632.7

1,086.

1

62. 5
213.2

[
218.5

19.3
1

11.9
632.7
20.3

1. 023.6
Per cent.

94.2

193. 9
Per cent.

91. 0

206.6
Per cent.

94.6

612.4
Per cent.

96.8

It will be seen that the coefficients of digestibility of the mixed diet
in the two experimental periods were practically the same. Since
practically the same amounts of eggs and butter were consumed in
each period, and the only varying factor in the diet was the bread, it
seems fair to assume that the two sorts of bread had the same digesti-
bility. The experimental periods were of short duration, and the^data
are doubtless insufficient for general deductions. The experiments do,
however, indicate that there is no marked difference in the digestibility
of bread made from the two sorts of flour.
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At the begmning of the first test the subject weighed 159 pounds,

and at the close 159f i^ounds. His weight at the begiuuing of the

second test was IG-iJ pounds, and at the close 165 ponuds—that is, in

each exxjerimental period the weight remained practically constant.

During the first test 1,615.4 grams urine was excreted, containing

1.67 per cent nitrogen, and during the second test, 1,714 grams, con-

taining 1.69 ijer cent of nitrogen. The daily income of nitrogen in the

first test was 15.1 grams, the outgo in the ui'ine 13.5 grams, and in the

feces 1.4 grams—that is, there w;is a daily gain of 0.2 gram nitrogen.

In the second test the daily income of nitrogen was 17.1, the outgo in

the urine 14.5, and in the feces 1.5. The subject therefore gained 1.1

grams nitrogen per day.

Summing wj) the results of the tests, it may be said that, as far as

can be judged from coefiQcients of digestibility, changes in weight of

the subject, and balance of income and outgo of nitrogen, no differ-

ences were observed when bread made from flue patent roller-process

flour and bread from first bakers' grade of flour made from the same
wheat was consumed by a healthy man.



LOSSES IN THE PROCESS OF MAKING BREAD.

By L. A. VooRHEES, iSI. A.,

Chief Chtmist, Xew Jersey Agricultural Experiment Station.

INTRODUCTION.

Wben flour is made into bread, it is subjected to the action of fer-

ments (yeast) and beat. It is well recognized that these agents pro-

duce changes in the constituents of the flour, but the character and

extent of the changes are not definitely known. Blyth ' describes bread

making, and speaks of the changes which take place, as follows:

Wlieatf-n bread is the Hour of wheat made into a paste with water, and the paste

is jiermeated by carbon dioxid either l)y adding yeast, which causes a true I'ermeu-

tatiou with the production of alcohol and carbon dioxid, or the carbon dioxid is

added in solution in water to the paste, as in I)anghlish"s system. The explanaticm

of the bread-making jirocess is not thoroughly worked out in all its details, but the

following theory agrees fairly well with what is witnessed: On adding yeast to the

dough it is 2>laced on one side at a suitable temperature and allowed to rise—that is,

fermentation proceeds, and there is a continual evolution of gas; the starch in some
degree becomes changed into sugar, which sugar is decomposed into carbon dioxid

and alcohol. The gluten prevents or rather retards the escape of the carbon dioxid,

and the tension of the warm gas expands little cells and gives to the bread its

familiar light, spongy appearance. The alcohol mostly escapes. * * * The out-

side of the loaf when placed in the oven is raised to a temperature of from 210° to

212°C ., but the crumb is seldom much above 100°. The crust is to some extent cara-

melized. * * * In the crust there is a. partial destruction of the nitrogenous sub-

stance. Thus Von Bibra found that the crumb of wheaten broad contained 1.498

per cent of nitrogen and the crust 1.363 per cent. The crumb of rye bread contained

1.47G per cent of nitrogen and the crust 1.293 per cent. * * * The fatty matters

are not, as far as is known, changed. The ash is not changed save by the minute pro-

portion of yeast ash which is added to it, an addition quite inappreciable. Further,

any salt added by the baker increases a litllo its weight, but the ordinary method of

burning bread volatilizes very effectually chlorids of the alkalies, so that the ash of

bread is still very small.

In a publication of the Division of Chemistry - of this Department,

the following statements are made

:

The loss of solid matter during the fermentation and baking of the bread is' due to

the conversion of part of the solid matter into volatile substances and their evapora-

' A. W. Blyth, "Foods: Their composition and analysis," ed. 1888, p. 171.

- U. S. Dept. Agr., Division of Chemistry Bui. 13, pt. 9, p. 1317.
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tiou during the process of baking. The only substances which are changed in. any

appreciable degree by this process are the- sugars whicli. tlie flour may contain. It

is evident, therefore, that the loss in no case can be greater than is due to the fer-

mentation of the sugars. It is not probable that any large quantity of sugar will be
formed from the starcli during the fermentation process. * * *

It must be admitted, moreover, that not all of the siTgar which is present in a
flour is decomposed daring tlie process of fermentation, unless the period of raising

the bread be prolonged beyond usnal limits. In addition to this, it must be con-

sidered that it is diflicult in the process of baking to expel all the products of the

fermentation. A portion of the carbon dioxid and of the alcohol will undoubtedly

remain entangled in the meshes of the loaf. Even, therefore, allowing for the fact

that a portion of the starch may be converted into sugar and undergo a partial fer-

mentation, it is not to be expected that the total loss in weight in dry matter in the

loaf itself will be greater than the amount of sugar originally present in the flour.

Of course, it is understood if the loaf be ground and dried for the jjurpose of a
chemical determination of loss that the whole of the alcohol and carbon dioxid will

be driven off, but in the loaf as it comes from the oven or as it is brought upon the

table such a complete evaporation of the volatile products of fermentation is not

found. * * #

In addition to the many changes mentioned above as due to fermentation, certain"

changes in the constitution of the materials of flour are 2>roduced by the combined
action of heat and water. These changes, of course, are produced in the maximum
degree in the crust of the bread, whereas tlie temperature of boiling water in tlie

interior of the bread acts less vigorously in its effects upon the chemical constituents

of the flour. In respect to the jiroteid matters, it is certain that all of the proteids

of the material will be rendered insoluble by the temperature to which they are

subjected. The proteid matters in the crust of bread certainly undergo additional

changes by reason of the high tem^^erature to which they are subjected, the nature

of which is not definitely known. The same is true of the fats or oils, which are

oxidized to a certain extent by the action of the oxygen of the atmosphere at the

high temperature to which the crust is subjected. It is probable, therefore, that a
splitting up to some degree of the molecules of the glycerids composing the fat and
oil takes place, especially in the crust of the loaf. In the interior of the loaf the

carbohydrates probably undergo little change except a degradation of the starch

grains and a slight tendency of the starch to be converted into dextrin. In the

crust, however, in addition to those changes, there is a decided caramelization of the

starchy particles, as is evidenced by the browning of the loaf.

Bahery experiments in 1895 and 1896.—In 1895 two exj)eriments were

conducted at a well-equipped bakery in Kew Brunswick^ to study tlie

relative cost of tlie nutrients in bread and in its raw materials, and also

the changes which occur in converting the latter into the former. The
results were unexpected. It was found in these experiments that not

only was there little apparent loss of protein and of carbohydrates but

that there was a considerable loss of ether extract. A similar experi-

ment has recently been conducted by Miss Isabel Bevier, at Pittsburg,

Pa., and with similar results.*

For convenience in comparison, the results of these experiments have

' U. S. Dept. Agr., Office of Experiment Stations Bui. 35.

" U. S. Dept. Agr., Office of Experiment Stations Bui. 52.
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been recalculated to a uniform basis of 100 grains of dry matter in the

materials used, and are summarized in the following table:

Summary of experiments in bread maknuj at bakeries in Xew Jlriiuswick and Piti.ihurg.

Dry
matter.

Protein. Fat.
Carboby-- . ,

drates.
;

Heat i>f

coniltus-

tiou.

First New Bnmswide experiment

:

Material recovered

Material lost (— ) or gaiiieil ( + ) . .

.

Second Xew Brunswicli experiment:
Material used
Material recovered

Grams.

100. 00

07. H5

Grami.

13. 03
13.15

Grams.

3. 52

1.52

Grams.

81.37
81. 64

Grams.

2. 08
1.64

Calories.

465. 87
444. 95

—2.05
1 +.12 —2. 00 +.27

i

-.44 —21). 92

100. GO
97. 04

13.74
13. 72

4.01
1.64

80. 10
79. 78

2. 1)9

1.90
•)o7. 90

443. 73

ilaterial lost

Pittsburg experiment :

Material used

2.96 .02

15. 58
15. 37

2.37 .38 .19 14.17

too. 00
05. 88

1.35
.39

80. 87
78.31

2. 20
1.81

435. 64
412. 06

Material lost •1. 12 . 21 .96 2.56 .39 23. 58

It will be seen from the above table that all of the ash was not

recovered. This was nndoubtedly due entirely to the method followed

in making the ash determinations. There was practically no loss of

nitrogenous materials, since the experiments show only variations which

are within the limits of experimental error.

In the case of the fat the full amount supplied by the raw materials

was not recovered in the ether extract of the bread, the discrepancy

being greater, absolutely., and less, relatively, in the is'ew Brunswick

experiments than in tiiat at Pittsburg. This is probably due to the

fact that in the former case much more fat (lard) wfis used in making the

dough thau in the latter. The results from the two experiments dift'ei',

however, in one impoitaut particular. In the experiments at New
Brunswick, the entire loss in total dry matter was accounted for by

the losses in fat and ash; in that conducted at Pittsburg there was in

addition a loss which by our methods of analysis falls upon the carbo-

hydrates, since the carbohydrates are estimated by difference, and
include the sums of the discrepancies. This amounted to 62 per cent

of the entire loss. In all cases the fuel value (heat of combustion) of

the bread was considerably less than that of the materials. In our

belief this tended rather to verify than disprove that an actual loss of

fat occurs in the process of baking, and that the loss is much greater

than was formerly supposed. In Miss Bevier's opinion '-it would seem
that either the fat is rendered partially insoluble in ether during the

process of baking or that it has been volatilized. The fact that there

is a very considerable loss in the fuel value of the materials in the bread,

as comi)ared with that of tlie raw ingredients before baking, indicates

that the latter is the trne explanation, for, if the fats liad simi)ly been
rendered nonextractable their heat of combustion would probably
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liave remained nearly uiichangecl, and there would be no such pro-

nounced loss of heat values as is actually the case."

Laboratory experiments in 1897.—In order to study further the

changes which take place in the fat when bread is made, laboratory

experiments' were conducted in 1897 npoii small quantities and with a

close control. The process of makiui;- bread may be divided into four

steps, viz, (1) making the dough, (li) addiug the leavening, (3) addiug

the shortening, and (4) the baking. In addition, in order properly to

prepare the sample of bread for analysis, a subsequent drying is neces-

sary. The experiments were so planned, therefore, that the bread mak-
ing was arrested at the termination of the various steps and the result

ing product analyzed. They show, therefore, the analysis of flour

under the following conditions:

(1) Unmanipulated.

(2) Subjected to a temperature of 70° 0., this being the temperature

necessary to dry a sample of bread for analysis.

(3) Made into dough and then prepared for analysis by careful drying.

(4) Made into dough, baked unleavened, and then prepared for

analysis as before.

(5) Made into dough, leavened, and then prepared for analysis,

(6) Made into dough, leavened and baked, and xjrepared for analysis.

(7) Made into dough, leavened and shortened, and prepared for

analysis.

(8) Made into dough, leavened, shortened and baked, and prepared

for analysis.

The results of these tests may be briefly summarized as follows : The
amounts of dry matter in the samples prepared by these methods were

but slightly different from the amounts which, on the basis of analyses,

it was calculated the raw materials would furnish, the differences occur-

ring mainly in the baked samples, j)robably on account of the browning

of the crust. The amount of ether extract, however, was diminished

in every case when the flour had been wet—i. e., made into a paste

—

the loss running as high as 85 per cent of the total fat. Simply drying

the flour at 70° C.»did not affect the amount of ether extract seriously.

In the case of the samples to which milk (shortening) had been added,

the total ether extract recovered was less than was added in the milk

alone, although it is generally assumed that milk fat is not affected by

a temperature of 100° C. There was no uniform connection observed

between the apparent loss of the fat (ether extract) or loss of dry mat-

ter and the deficiency in heat of combustion ; and in no case where the

apparent loss of fat was serious was the deflciency in fuel value suf-

ficient to account for the apparent loss in fat.

The fact that practically all the dry matter was recovered would

indicate that the fat was not lost, but was unextracted. It is well

I New Jersey Stas. Rpt. 1897, p. 98.
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understood that in the case of liuseed meal, corn meal, and other sim-

ilar products protracted heating in air will hinder the extraction of fat.

This is usually attributed to oxidation, and it is known that oxidation

certainly takes place when an air dry samjile of such material is heated.

As noted above, protracted heating of the air-dry flour at 70° C. had

oidy a trifling effect upon tlie ether extract. This fact and the faikire

to recover all the milk fat suggested that it was not oxidation but

occlusion which hindered the ether from exerting its solvent action.

In this particular the conclusions drawn from the experiments at the

bakeries seem to be contradicted by the laboratory experiments.

LOSS OF MATERIAL IN BREAD MAKING.

EXPERIMENTS IN 181)8—METHODS FOLLOWED.

Further experiments along these lines were conducted during 1898

to test the results previously secured and to extend the investigations.

The brand of Hour selected was the same as that used in 1807. Twenty-

five pounds was carefully mixed and distributed in 25 glass jars by
transferring a large spoonful to each jar, thoroughly mixing the remain-

der, and again transferring a spoonful to each jar. This was repeated

until all but about a pound bad been idaced in the jars. This small

remainder was discarded. The jars were clo.sed with perfectly fitting

tops and new rubber rings. A comiiosite sample for proximate analysis

was made up of x)ortions from jars 1, (>, 10, 15, 10, and 24, and in addi-

tion, to test the uniformity of the distribution, determinations of mois-

ture, protein, ether extract, and ash were made in the contents of jars

3, 8, 12, and 21. The results were all very uniform, the comi)osite sam])le

being practically identical with the average of the others, as is shown
by the following table:

Composition of samphs of flour.

Sample from jar 3

Sample from .jar 8

Sample from .jar 12

Sample from jar 21

Average
Compo.site sample from jar.s 1, 6, 10, 15, 19, ami 21

"Water. Nitrogen.
Ether
extract.

Ash.

Per cent. Per cent. Per cent. Per cent.
12. 21 2. 22 1.25 0.49
12. 19 2. 25 1.24 .52
12 20 2. 20 1.25 . 50
12. 20 2. 20 1.31 .53

12. 20

12. 20
2.22
2.22

1.26
1.27

.51

.51

lu order to avoid the complications which would ensue from fermen-

tation due to the use of yeast, the leavening in the bread-making
experiments was accoinplislied, as in the experiments in 1S07, with a

leavening powder, a mixture of sodium bicarbonate and })otash alum
being used. The moisture, ether extract, and nitrogen in these sub-

stances were determined, and also in the combination of the two after

they had been wet and the reaction had taken place. They contained
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ueitlier nitrogen nor ether soluble substance. The dry matter was also

determined. Siuce this consisted of sodium and potassium sulphates

and aluminum hydrate, and as no salt (XaOl) was added in making the

bread or the mixtures, it was considered sufficiently accurate to assume
the ash by calculation.

EFFECT OF HEAT ON MILK.

In making bread, milk was used to furnish fat, since it is believed

milk ftit is not sufficiently affected when exposed to the air at temper-

atures not exceeding 100° C. to be rendered nonextractable with ether.

In order to verify this belief, portions of milk weighing 25 grams each

were dried upon pumice stone in three ways : (1) in an air bath at 70° O,

(2) in a water oven at about 100° in air, and (3) in a water oven at about

100° in a current of dry hydrogen. The dried samples were analyzed.

The results of these analyses are shown in the following table, together

with the calculated constituents of 25 grams of milk before drying:

Constituents of fresh milk and milk dried in rarious waijs.

SoUtls.
Ether
extract.

Cfisein.

Milk (25 grams), fresh (calculated)
Milk (25 grams), dried at 70° C
Milk (25 grams), dried at 100° C
Milk (25 grams), dried at 100° G. in hj'drogen

Grama.
3. 05
2. 93

2. 98
2.94

Gram.
0.91
.89
.89
.90

Gram.
0. 81
.83
.84
.84

It will be seen that the milk, and esiiecially its fat content, was not

affected by the temperatures used in drying the samples or by the tem-

perature which is generally assumed ^ to be that of the interior of the

loaf during baking.

TESTS WITH BREAD MADE IN VARIOUS WAYS.

In making the bread care was taken to prevent any burning or indeed

any undue browning of the crust during baking, and it is believed that

the problem studied is not com[)licated by any loss from such a cause.

The portions of flour and milk used in making the bread and the result-

ing products were weighed on a large balance, sensitive to 10 milli-

grams, while the leavening chemicals, on account of their small amount,

were weighed on an analytical balance, sensitive to one twentieth milli-

gram. After the raw materials were weighed exti'eme care was taken

to prevent accession or loss of moisture. Rubber stoppers were sub-

stituted for the glass stoppers of the sample bottles, as changes in

moisture content have been detected in the past in fodder materials

contained in bottles stoppered with glass. The weight of the samples

'See Wiley, "Principles and Practice of Agricultural Analysis," Vol. Ill, p. .543; see

also quotations from Blyth at beginning of this article.
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analyzed was also determined before and after grinding. Only slight

variations were observed. They were undoubtedly tliose incidental to

grinding and sifting the samples, etc.

For each experiment 100 grams of flour was used; the iiour was sub-

mitted to the same manipulation as in the experiments made in 1897

(see p. 40), In addition in some of the experiments a water oven was
used for drying the product obtained at various steps in the bread-

making process. In some instances the materials were dried in an

atmosphere of hydrogen in a water oven at 100°. In all cases the

samples were dried in air unless hydrogen is specified. The analysis of

the raw materials and the various products were made by the methods

prescribed by the Association of Official Agricultural Chemists.' Since

the ether extract is determined in the sample which is used for the

determination of dry matter, those samples which were dried in air or

in hydrogen were in reality submitted to two dryings—one previous to

analysis and one during analysis.

The results of the tests are given in the following table, which shows

the c()m])osition of the unmanipulated flour or flour and other raw
materials and their composition after treatment in the various ways
indicated:

Constitticnts of materials and liread made in various ways.

X a

Dry
matter.

In dry matter.

Pro-
tein.

Ether
ex-

tract.

Carbo-
!i.V-

drates.
Ash.

Bread made from flrmr and Tvator only

:

Flour, uninaiiii>\ilated (100 grains)
Flour dried in air at 70'^ C
Flour drii-d in all- at lliO'^ C . - -

Flour made into dnn^^h ami di ii d in ail- at 70° C.
Bread baked and dried at Tii I'

Bread baked and dried at Inn c
Bread made with tlonr, leaveninj;. and water:

Flour (100 grains)

Leavenin;L; chemicals (i.50 grams)

Orami.

87. 80
87.45
87. 59
87. 98

87. 54
87. 82

87. 80

1.56

Grams.

13.88
13. 88
13. 69
13.44
n. 56
13. 93

13. 88

Grams.

1.27
1.27
.84
.63

.28

.38

Grams.

72.14
71. 79
72. 55
73. 40
73. 19

73.00

J.2rl 72.14

Grams.

0.51
.51
.51
.,51

.51

.51

...1

1.56

Total (calculated)
Total bv analysis

.

i)

10
11

12
13

14

15

16
17
18

Materials dried in air at 70° C
Malerials dried in air at 100° C
Materials made info diMi;;h and dried in air at 70^ C.
Douflh dried in air at IO(PC

Dough dried in hydro^ren at 100^ C

Bread baked and dried at 70° C

Bread baked and dried at 100° C .

Broad baked and dried in hydrogen
Bread made with Hour, leavening, and milk :

Flour (100 grains)
Milk (104 grams)
Leaven:nj{ chemicals

Total
! 103. 62

89. 36 13. 88 1.27 72. 14 2. 07
89. 39 13. 88 1. 33 72. 11 2.07

89.71 13. 56 1.23 72. 85 2, 07
89. 41 13. 75 .55 73.04 2. 07
89. 17 13. 56 .47 73. 07 2.07
89. 37 13.81 ..48 73. 01 2. 07
89. 04 13.56 .32 73.09 2. 07
89.01 13. 63 .31 73.00 2. 07
89. 38 13.81 .29 73. 21 2. 07
89.76 13. 44 .39 73. 86 2. 07
89.24 13.81 .31 73. 05 2.07
89. 38 13.44 .23 73.64 2. 07
88. 82 13.50 .29 72.96 2. 07

87. 80. 13. 88 1. 27
12. 70 3. 32 3. 73
3.12

103. 62 17. 20 5.00

U. S. Dept. Agr. , Division of Chemistry Bui. 46.
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Constituents of materials and bread made in various ways—Coutinued.

M a

Dry
matter.

In dry matter.

Pro-
tein.

Ether
ex-

tract.

Carbo-
hy-

drates.
Ash.

Bread made with flour, leavening, and milk—Cont'd,
Douiih dried in air at 70° C
Doujih dried in air at 100° C

<lri( d in hydrogen
Biea<l baked aud'dried at 70° C
Bread baked and dried in hydrogen

Bread made with flour previously extracted with
ether:
Flour (100 gram.s)
Milk (104 gramsi
Leavening chemicals

Total

Dough dried in air at 70° C
Dou-li ilrieiliu air at 100° C
Doiigli (Ined in hydrogen
Bread baked and "dried at 70° C
Bread baked and dried in hydrogen ,

Grams.
103. 67
103. 87
102. 59
103. 33
101. 92

93. 31
12. 70
3. 12

Grams.
17. 06
16. 81
17.00
16. 94
16. 88

14.56
3.32

Grams.
3.95
3. 42
2. 76
3. 17
2. 49

.11
3. 73

Grams. Grams.

109. 13 17. 88 3.84

109. 42
109 35
109. 17

109. 59
108.42

17^88
18. 00
17. 88
18. 00
18. 00

3.23
2. 76
2. 26

2. 09
2.22

In all the experiments it will be noticed that the loss of nitrogenous

constituents was very small, the greatest variation being equivalent to

a variation of about 0.1 per cent of nitrogen. This is within the limits

of experimental error and coniirras the conclusions from the bakery

experiments previously reported. In the case of the carbohydrates also

there were no ai)parent losses. Such losses were not expected, since

yeast was not employed to leaven the bread. On the contrary, in

almost every case there was an apparent gain, but, as the carbohy-

drates are determined by difference and include the sum of all the

errors in the determinations of the other constituents, these gains are

not necessarily significant. They are Intimately related to variations

in the dry matter and ether extract. The results with these constitu-

ents confirm i3revious work. Practically all the di^y matter was recov-

ered in almost every case, but in tliose experiments (ISTos. 1-18), in

which no fat was present except that sui^plied by the flour, the ether

extract showed deficiencies when either a high temperature was
employed to dry the raw material or when the materials had been wet

in making into dough. These discrepancies ranged from 33 to 70 per

cent of the total ether extract. In exi)eriments Nos. 19-23, in which

milk fat had been added in making the bread, the ether extract recov-

ered in but one instance equaled the amount supplied in the milk alone.

The apparent loss of fat, therefore, holds good for the animal fat added

to the dough as well as to the vegetable fat present in the flour. This

is well shown in experiments Nos. 21-28, which were made with flour

which had been previously extracted with ether until practically free

from fat. In these experiments also the added animal fat was not

entirely recovered.

The following explanations have been suggested for this discrepancy
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in fat: (1) Oxidation, which prevents the extraction of the fat, causing

it to be estimated with the carbohydrates; (2) volatilization, whereby

the fat is actually lost, and (3) occlusion, with a result similar to

oxidation.

O.ridation.—As has already been stated, it is well known that vege-

table substances containing drying oils, such as linseed meal and corn

meal, can not properly be dried, for analysis, in air previous to extrac-

tion with ether, for the fat will be oxidized and rendered partially

insoluble. The water also can not be determined by drying in air, for

the results will be too low or, what is the same thing, the dry matter,

will be too high. These considerations lead to the method of drying

samples in an atmosphere of hydrogen. If there is an oxidation of fat

there should also be an increase in the dry matter recovered. As is

shown in the experiments, there was in most cases very little gain in

the dry matter, and in experiments Nos. lU, 13, 18, 21, 23, 20, and 28,

where the materials were dried in hydrogen and the dry matter recov-

ered was actually lower than when dried in air, there is as great a

discrepancy in the fat as when the samples were dried in air. This indi-

cates that a change of some sort has taken place, but the lower results

secured do not necessarily indicnte that the change has taken place in

the fat. Furthermore, there is a loss of milk fat, which in some cases

is considerable, notably in the samples which were dried in hydrogen.

Judging by the experiments in which milk was dried on iiumice stone,

this loss would not be expected.

Volatilization.—If the fat had been volatilized, there should be a cor-

responding loss of dry matter and this would be observed equally in

the samples dried in hydrogen and in those dried in air. That there is

no loss of dry matter in the majority of cases would seem to rule out

the possibility of volatilization unless, indeed, it were accompanied by a

compensating oxidation. Tbis hypothesis would fulfill the conditions

at ijresent shown to exist, since, when the samples were dried in hydro-

gen, there was a loss of fat and diy matter; when dried in air there was
a loss of fat and iio loss of dry matter. Furthermore, in the samples

in which there was no vegetable fat to be volatilized, i. e., those in

which extracted tlour was used, there was a gain of dry matter when
dried in air and none when dried in hydrogen.

Occliiftion.—Occlusion was suggested by our work of last year, when
the dry matter was recovered in almost every case. Occlusion would
insure the fat being estimated as carbohydrates without alteration in

the amounts of dry matter.

TESTS WITH FLOUR FROM WHICH THE GLIADIN WAS EXTRACTED.

Experiments were therefore undertaken similar to those reported by
Snyder (see p. 23) to try the effect of making bread with tiour from
which the gliadin or plant gelatin had been extracted, since this is the

material which binds the flour particles together to form a dough, and
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when dried might be reasonably expected to cause occlusion. A por-

tion of the same flour used in the previous experiments was digested

repeatedly with alcohol and finally witli ether. With the flour thus

prepared experiments similar to those with the untreated flour were

juade: (1) The ingredients of bread were mixed and dried without

further manipulation. (2) The ingredients were mixed and made into

bread, chemicals being used for leavening. (3) Bread was made from

the same ingredients with the addition of milk. The results obtained

from the analysis of the materials and the resulting products are shown
in the following table:

Resu lts of experiments with flour from which the (jUadin ivas extracted.

Ex-
])Bri-

ment
Ko.

rioiir (100 grams) extracted -with aleoliiil:

Flour undried
Flour dried in air at 70^ C
Flour dried in air at 100= C

Bread made from tioiir (100 grains) extracted with alcoliol:

Flour •

Leaven iug chemicals

Total

70° C.Flour made into dougli ami dried at

'

Dough dried in air at 100= C
Dough dried in hydrogen at 100° C
Bread baked and dried at 70° C
Bread baked and dried in hydrogen at 100= U.

Bread made with extracted flour and milk:
Flour extracted with .alcohol (100 grams)
Milk (lu4 grani.s)

Leavening chemicals

Total .

Flour made into dough and arieil in air at 70' C.
Dough dried in air at 100° C
Dough dried in hydrogen
Bread baked and dried at 70° C
Bread baked and dried in hydrogen at 100° C

Dry
matter.

In dry matter.

Trotein.
Ether

extract.

Grams.
8d. 70
S7. 49
87.86

Grams.
7. 44
7.31
7. 31

Grams.
0. 44
.39
. 32

80. 70
3. 12

7. 44 .44

89. 82 7. 44 .44

91.15
90. 75
89. 22
88. 00
88. 71

7.31
7.38
7. 63
7. 25

7. 50

.18

.09

.07

.06

.06

86. 70
12.70
3.12

7.44
3. 32

.44
3. 73

102. 52 10.76 4. 17

103. 07
103. 27
102. 52
103. 03

103. 32

10.63
10. 50

10. 63
10.44
10. 69

3.4G
2. 81
1.95
2. 28
2. 31

It was found that the dough made from the extracted flour was like

that described by Snyder (see p. 23). It was not sticky and resembled

putty in feeling and appearance. The leavening emi:)loyed caused the

mass to expand a little when first placed in the oven; then the top of

the loaf began to break apart, and the loaf decreased in size as if no

leavening had been used. The loaf when baked was about as heavy

as the same bulk of rubber. The results of the experiments show that

the fat was not recovered, even when gliadin was absent; that is, remov-

ing the gliadin, i. e., the material which it might be assumed would

eau.se an occlusion of fat, did not prevent an apparent loss of fat in

bread making.

COMPARISON OF DIFFERENT METHODS OF EXTRACTING FAT.

Several years ago Weibull ^ studied the determination of the fat in

bread. He found that bread apparently contained less fat than the

' Svensk Kemisk Tidskrift, 1892, No. 5 (Experinieut Station Record, 5, p. 520).
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tiour from wliicli it was made. This lie attributed to an error of analy-
sis, since direct extraction with etlier gave too low results in tlie case
of l)read, no matter how long the extraction was continued. The
starch and dextrin of the bread were thought to inclose tLe fat and
prevent the action of the ether. To obviate this difficulty the author
proceeded as follows:

From 1 to 3 gi-ams of dry pulverized bread was boiled for an hour
with to liO cubic centimeters of water and 10 drops of dilute H,,SO„
being stirred occasionally with a glass rod. The solution was then'
completely neutralized with an excess of calcium carbonate (powdered
marble) containing no ether extract and the thick solution transferred
to a piece of fat-free liUer ])aper, such as is used in milk analysis, the
beaker which had contained the solution being wiped out with absorbent
cotton. The pa])er and cotton were heated at 100° C. for two or three
hours, and then extracted in an extraction apparatus with anhydrous
ether for ten hours. Tarallel determinations by this method agreed
perfectly, and comparative analyses of fat in flour and in the bread
made from the same according to the author gave concordant results;
that is, when a method was employed which prevented the occlusion of
the fat it was all recovered.

In view of these results a few sam])les of flour and bread were treated
according to WeibulPs method. The results are given in the Ibllowing
table. For purposes of comparison the i-esults obtained by the usual
method, and also by direct extraction of the undried substance, are also
included since it has been suggested that, when the official method is
emjdoyed, tlie preliminary drying still further hardens the particles
and increases the occlusion. The results in every case have been cahui-
lated to show the grams of fat in 100 grams of flour or the bread made
from this qjiiantity.

Comparison uf different methoils of exiimaliiig fat in four and hread.

Ex-
]>eri-

iiieut

:so.

Weibull's
method.

Official

method.

Direct
extrac-
tion.'

1 Flour undried
drams. Grams.

1.27
1.27
.84
.63
.28

3. 95
3.42
2. 76

Grams.
1.44
1. 30
.94
.66
.37

3. 73
3.73
3. 73

2 Flour dried in air at 7ii" ('
1.00
1.01Hour drii'd in air at liin ('

.714 Flour madu into ddii^li di ii-.i in air at 70" C .69

.66
.S.81

3. 88
3. 82

1!)

20

Bread baked and drii'd at 70- C
Bread- dried in air at 7ll-' C
Bread dried in air at 100° C

21 Bread ^ dried in hydrogen

1 itt:+i * J* i-T. _„ 1 . . , ,

: of the substance Made witli milk.

Weibull's method gave fairly concordant results, but they were on
tlie whole not as satisfactory as his statements would seem to indicate
might be expected.

An examination of the above figures shows no gain in ether extractm the results of experiments with the flour alone. In those cases in
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which milk was added to the flour in making bread, an amount of fat

equal to all the milk fat and a very little more was recovered by Wei-
bull's method, which would indicate that not only was a little of the

vegetable fat occluded, but considerable amounts of the animal fat

also. This would be more in accord with the results secured from the

experiments with milk dried on pumice than would the supposition

that oxidation had taken place.

These results and those previously reported (pp. 43, 44) represent

experiments on the loss of fat in materials which were heated and,

with the exception of the few samples dried, as received, at 100° C. in

air, the loss in materials which were wet or made into a dough and
dried.

COMPARISON OF EXPERIMENTAL METHODS.

Ill order to learu how much of the effects were due to heat, a num-
ber of tests were made in which the dough was not heated in drying.

Portions of flour were made into dough with an abundance of the leav-

ening chemicals to facilitate drying, rolled out thin on plates, and dried

at room temi)erature under bell jars over concentrated sulphuric acid.

Two tests were made, the same quantities of flour and leavening mate-

rials being used in each case. When analyzed by the official methods

the dry matter was found to be lower than the calculated amount, and
the ether extract also showed a deficiency as in the previous experi-

ments. The results of the two tests were as follows

:

Constituents of materials and dried dough made from them.

Ex-
peri-

ment
No.

Dry
matter.

In dry matter.

Protein.
Ether

es-tract.

Carbo- . ,

hydrates.:

42
43

rioiir (100 grams)
Leavening chemicals

Grams.
87. 80
6.24

Grams.
13. 88

Grams.
1.27

Grams.
\

Gram.':.

72.14 1 0.51
' C.24

Total
Dried dough

do

91. 04

93.08
92.72

13.88
13. 90
13. 46

1.27
.80
.67

72. 14
1

6. 75
71.63 6.75
71. 84 : 6. 75

1

It will be seen that even in these cases there was a loss of ether

extract and dry matter. It should be remembered, however, that

even in this instance the determination of dry matter involves drying

(in liydrogen) and that the ether extract was regularly determined in

this dried portion. Therefore other portions of the flour and dried

dough were extracted without previous drying. The results showed

but a trifling gain. These experiments, however, showed what is

regarded as the cause of the loss of fat, for when the ether extract was

dried preparatory to weighing, copious white acrid fumes issued from

the flask and constant weight was with difficulty secured. These fumes

were not noticed in drying the extract from the substance previously

dried, and only slight amounts were noticed in the tests reported oa
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page 47. This woakl indicate that wlien samples are analyzed in tlie

ordinary way, the volatilization of a portion of the ether extract prob-

ably takes place in drying the sample for analysis, and doubtless also

occurs whenever the sample is dried or baked. If this is the case, the

samples prepared in the early experiments should show a loss of sub-

stance, and if this is compensated by a corresponding oxidation it

should be i)Ossible to detect the loss by means of the calorimeter. On
the other hand, in experiments Nos. 42 and 43 the heat of combustion

of the substance as it comes lro:n the desiccator should be the same
as that of the material before drying; i. e., there should be no loss in

energy, the analytical results to the contrary notwithstanding. Such

determinations were made, therefore, upon these samjiles (Xos. 42 and

43), and a number of others and the results obtained, together with the

amounts of dry matter and ether extract in the samples, are given in

the following table:

Drijmatter, ether extract, and heat of combustion offlour and hread treated in various ways.

Ex-
peri-

ment
Ko.

Dry
matter.

Ether
extract in

dry
matter.

Heat of
coniluis-

tion.

Vnextractcd flour (100 grams).
Grame. Orams. Calories.

Mixture of flour (100 grams) and leavening chemicals(1.56 grams) 89. 36 1. 27 387. 37
8 89.71 1.23 377. 07
9 Same mixture dried in air at 10U° C 89.41 .55 378. 08

12 89.04 .32 381.85
13 89. 01 .31 380. 79

Mixture of tio\ir drii-d in desiccator and leavening chemicals
94. 04 1.27 387. 37

42 93. 08 .80 389. 61
43 do 92. 72 .67 387. 27

Flour extracted ivith alcohol (100 grams).

29 86. 70 .44 371.63
30 Flour dried in air at 70^ C 87. 49 .39 367. 80
31 Flour dried in air at 100^ C 87. 86 .32 MM. 65

Mixture of flour (lOilKiams) and leavening clicmicals (3.12 grams) 89. 82 .44 371.63
34 Dougli from same iliic d in hydrogen 89. 22 .07 371.15

Although these results were obtained from a limited number of sam-

ples, they have been made in duplicate and in some cases in triplicate

and were found to be concordant, indicating that they are trustworthy.

They show exactly that which was expected from the preceding work.

The material dried over sulphuric acid has lost none of its potential

energy and, therefore, presumably none of its substance previous to

drying in hydrogen; the whole Hour when dried in hydrogen lost both

potential energy and substance, which, since the possibility of oxida-

tion was excluded, must be due to volatilization; when dried in air the

material lost still more fuel value, but showed no loss of substance.

Both of these facts can be explained by ab.sorptiou of oxygen, i. e., slow

combustion or oxidation. When the material contained no vegetable

fat to volatilize, there was no loss of substance or of energy when dried

in hydrogen. Furthermore, there was a gain of weight and loss of

energy when dried in air.

8()97— <i3 4
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CONCLUSIONS.

From these results it seems iivoper to couclade that at liigb temper-

atures there is a partial volatilization of the vegetalile fat in broad

making, especially in the presence of escaping water vajwr, and, in

addition, an oxidation of the residual organic matter. When animal

fat Avas added to the dough there seemed to be an occlusion of fat,

probably due to the formation of dextrin. The application of this theory

to the results of the bakery experiments previously referred to explains

the facts noted, namely, that

—

(1) Although yeast was used in all the bakery experiments and the

destruction of carbohydrates must have been considerable, yet the

exiieriments at New Brunswick, unlike that at Pittsburg, show no

apparent loss of carbohydrates.

(2) The fuel value when calculated by the usual factors^ was less

than the value obtained by actual determinations in the second New
Brunswick experiment, while this was not the case in the experiment

made at Pittsburg.

(3) The loss of fat in the New Brunswick experiments, when animal

fat (in milk) was added in making the bread, was proportionately less

than in the l^ittsburg experiment.

The loss of carbohydrates is partly covered in the Pittsburg experi-

ment, where no animal fat was used, by an oxidation of organic matter,

and in the New Brunswick experiment, where animal fat was used, by

oxidation of the same character, together with an occlusion of some of

this animal fat. By the usual methods of analysis this would be calciT-

lated as carbohydrates. Therefore, in the application of estimated fuel

values to the lost nutrients in the New Brunswick experiment 9.3

calories per gram is too large a value for loss of fat, since a i)ortion of

the fat is not lost, but is occluded and thereby estimated as carbo-

hydrates. On the other hand, 4.1 calories per gram (the value for car-

bohydrates) is too small, since the entire amount of fat is not occluded,

there being some absolute loss of fat and in addition a partial oxidation

of organic matter. The carbohydrates so called, thus gain in weight

but lose fuel value. In the Pittsburg experiment no animal fat was

used in making the bread. If it be assumed that no occlusion of fat

took place, the use of the customary factors in calculating the fuel

' On the supposition that 1 gram of protein, fat, and carbohydrates will yield 5.5,

9.3, and 4.1 calories, respectively, in the estimation of fuel values as distinguished

from heats of combustion the factor 4.1 per gram is commonly used for protein com-

pounds, thus allowing for their incomplete oxidation in the body.

The factors for determining the fuel value of cereals and cereal products have been

recently investigated by the Division of Chemistry of this Department (U. S. Dept.

Agr., Division of Chemistry Bui. 13, pt. 9, p. 1243). On the basis of determinations

of the heat , of combustion of the different constituents of cereals (with the excep-

tion of proteids) factors are proposed which differ somewhat from those mentioned

above.



51

values would give a, result a trifle too suiall, on account of the slow oxi-

dation referred to. This was in accord with the observed facts.

From the investigations reported in this bulletin it is evident that
some of the apparent loss of ether extract in bread making- was due to

heat employed iu baking the bread and to the heat employed in drying
the samples for analysis.

When samples of flour, dougli, and bread were dried in air or in

hydrogen previous to analysis, an apparent loss of ether extract was
observed. It should be remembered, however, that since ether extract
is usually determined iu a sample used for determination of dry mat-
ter, the materials have been subjected to two dryings, one previous to
analysis and one during analysis. When samples of flour and dough
dried over suli>huric acid were analyzed there was also an apparent
loss of fat. The loss was, however, smaller than was the case when
samples dried in air or hydrogen were analyzed. In tliis case the sam-
ples had been submitted to the action of heat but once; that is, in the
determination of dry matter in the sample before extracting with ether.
Samples of dough dried over sulphuric acid were extracted with ether
without any further drying; that is, without submitting them to the
action of heat. In this case slightly more ether extract was recovered
than when similar samples were extracted after drying in an oven for
the determinatiou of dry matter. In all these cases, however, there
was an apparent loss of ether extract; that is, when flour is made into
dougii and dried or baked, all the ether extract of the flour can not be
recovered. It would appear from the data reported that the losses
which have been observed in previous investigations at New Bruns-
wick and Pittsburg were more largely due to the analytical methods,
that is, to the drying to which the samples were submitted than to the
action of the heat in baking. This is not surprisnig, since baking the
bread occupied but twenty or thirty minutes, while the drying for
analysis required Ave or six hours; furthermore, the temperature of the
bulk of the loaf during baking was not greater than that of the sample
when dried iu hydrogen. There was more of the pleasant odor of bread
making wheu the samples were drying than when they were baking. I n
all cases when the drying was made in hydrogen the sulphuric acid in
the trap at the exit of the hydrogen current became black, indicating
that some volatile compound was absorbed by it and oxidized. The
results obtained indicate that less oxidation of fat takes place at 70^
than at 100^, therefore the former temperature is to be preferred in dry-
ing organic materials for the estimation of dry matter.
These considerations indicate that the usual custom of drying fodder

and food samples in air or in hydrogen in a drying oven previous to
extraction with ether should be carefully investigated iu view of the
possible errors in the estimation of ether extract involved.

O




